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SAN ITARY ‘ENGINEDRING DIVISION" ait 


a 


not easy to a definition of sanitary engineering which is sufficiently 


prehensive to include all his" activities. plait ifs "ois 
“Civil. engineering is the art of economic construction, the art of 
making structures for the public use Toro minimum cost for ‘installation 


Hort 


“Sonitary engineering is that branch of civil engineering is con-_ 
ng 


engineering works which are popularly - conceived as coming wi 
of sanitary engineering. Thus, an important function municipal water- 
works is that of Piddildadianla? adequate fire protection which | can be classed as me 


a health measure only by courtesy. Again, the treatment of industrial wastes 


in some cases is required ‘merely to secure the acceptable “appearance of 


‘streams, on the theory that the public is entitled to enjoy the rivers in sub- 


, WwW hatever “may have been the early conception of the scope of sanitary 


engineering, its field in recent years ‘been greatly broadened. It is now “Ss 
common to link < together in matters coming under the jurisdiction of health _ = 


boards and departments, not only the health and comfort of the public, but — 
its sensibilities. sanitary engineer is called on for assistance 


measures affecting public comfort ‘and sentiment about as frequently as in 


those relating directly to the public health. Many alleged 1 nuisances formerly 
believed to have been detrimental to health, , are now recognized to be merely 


‘The advance in “industrial: sanitation introduced many of 


an ‘neering: nature. ‘The manufacturer consults: the sanitary engineer 


wastes suitable for ‘discharge. Similar may be 
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Manufacturer is becoming more and more jealous of the esteem in wl ki 
Bo, heighbors hold him. On the advice of the sanitary engineer may de j 


he manufacturer to proceed with : a entail project, or to 


“dealing may be included i in five principal divisions: Water supply and p puri 
fication; sewerage, drainage, and ‘the disposal of sewage and industrial wastes; 


may carry infection ; air supply ial 


Water Suppty anp P URIFICATION 

be problem of obtaining and distributing an adequate supply of pun | 


a materi is one e of the oldest i in the field of sanitary ‘engineering. It has received 


scientific investigation, followed by. careful engineering operation, than 


other problem of this branch of engineering. Records, of such investiga- 


‘tions have afforded a vast supply of data for 
~ 
—_ At ‘the time the first municipal water supplies were established in the 


United States, little difficulty was experienced in obtaining pure water. be The 


municipalities were were > small, and the volume of w vater required was moderate. 
‘The. neighboring country was ‘sparsely populated, and there was 1 little danger | | 
contamination. Later, as the catchment areas” became more populated, 


the possibility and, in some cases, the probability. or certainty of contamina- m 


was recognized. Supplies which had been of satisfactory quality had 
Some cities adopted the policy of acquiring land on the margin of the of 

oe reservoirs and along the streams which fed them, thus preventing the estab- . om 
lishment of a resident population. This was_ followed by police measures 
such : as | prohibition of bathing | and fishing i in the waters, of boating and cut- be Bi 


ting” of ice on the reservoirs, . Sanitary ‘inspection followed and where the 
reservoir feeders flowed through populous districts, the water which they car- 


ried, ‘was filtered before its discharge into | the reservoirs. sa 

Coincident with these improvements, valuable scientific investigations: were i pr 

made, which afforded much knowledge in support of the measures of ‘protec: 

‘tion previously taken and a basis 4 for further progress of this kind. ha 
contamination of some readily accessible waters and the great diffi- 

culty ¢ of “obtaining safe, acceptable ‘supplies some parts: of this ‘country 
ded t to ‘the investigation and use ¢ of water filters, first, of ‘the slow -sand type 
and, later, of the rapid or mechanical | type. ad 
Although the adoption of filtration n may fairly | be said to have " founded th 

“on the need of a water: which would not. endanger the public health, an im 
portant consideration has been ‘improvement in the appearance of the we ater. 

This is particularly true in those parts, of the country where the water is 
Practice i in filter design and operation bec comparatively well: stand- 


ardized, and the great accomplishments. of the filter both as a means 0 of 
the public health and of providing an acceptable water from a very 


em 


nattractive raw supply were well de 


onstrated. It was “recognized 
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pers, Papers PRESENT STATUS 0 OF SANITARY 
filters were not 100% efficient; there were ere lapses, in character. 
_. 2 ond he next step was that of disinfection of ‘the water, generally with a 
al ozone and the ultra- violet r ray being utilized in’ some of the small installa- 
tions. filtration, sterilization has had ‘an important ‘influence on the 
J ’ 
aii problem of providing a safe water supply. _ In many of the smaller com- 
munities, and i some large cities, it has been ‘the only safeguard between a 
7 contaminated supply ‘and the consumers. have adopted 
the more dependable « and safer course of adding this treatment to that of 
filtration, thus affording valuable factor of safety. 


The efficiency of disinfection, has" proved to be such that. there has been 
. a tendency to substitute it, in places where the water is reasonably satis- 
factory in appearance, for filtration or for combined filtration and disin- 
fection. Some engineers have advocated use of filters of moderate effi- 
ciency, with the view of depending on disinfection as. the major protection 
against pathogenic bacteria. To what extent, other than to ‘meet an emer-— 
gency, , these policies are justified, is a matter on which there is difference of 
of the important problems before the 
the status of the art of water protection and 
large measure of. protection against typhoid may be assured, 


in still occur, , which | even in well works are 


rate. 


ie 


of moral su port from: higher officials, unskilled | ‘supervision, and the 
<a 


common to operating employees. If the treatment is by disinfection alone, 
such deficiencies 1 may immediately result in serving a dangerous water. _ Even : 


with the best management, a very brief lapse, to the human element may 
jeopardize the health of a great community. stout - 
Notwithstanding the creditable present status 8.08  t the art of supplying a 
and attractive water, there are many unsolved problems. Although the 
& = 
were prevalence of water- borne. typhoid has been criterion for many years, As 
otec- there reasonable assurance that other ‘diseases are not transmitted by waters 
dow assumed to be safe? not more refined methods of investigation 
diffi. “and further knowledge disclose ‘dangers of which little is thought at present ? 
Under what “conditions and to what. extent the alum. n introduced into’ 
type the: water. pass through the filters? are the causes s of corrosion of F 
“metals and how best. may they be ‘counteracted? WwW hat will be the effect of 
nded_ the hydrogen- ion control of purification plants? list might be greatly 
Sewersce, DRAINAGE, AND THE OF SEWAGE AND. Wastes 
oo _ Sewers have become so common in American cities that their importance | 
aanitary works is not always ‘Fecognized. ‘It i is only necessary, however, 


‘basements of buildings, or to contemplate the modern theory of transmission 
0 germs by the fly, to appreciate. that, ‘as a health 


the history « of sewerage in in England at the time cesspools drained into 
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sewerage facilities are probably only secondary importance to wi: 


Those en ngineers who have had to do sewers some- 
a times fail to realize tha 
int 
tary measure. _ Except i in so far as it is a means of mosquito 


; ever, there appears to be no known direct connection of a specific disease 
irae with: the lack of drainage facilities. Notwithstanding this fact, lack ‘of good 


drainage is deleterious to public health. Persons who live poorly 
—_——- localities are often forced to walk through mud and water and to to 


in quarters, which exposure has an unfavorable effect on health, 
if not directly responsible for ilmess. To 


#08 The early sewers were intended only | as a means of | carrying away storm | 


ae but, ater, they were used also to. carry sewage. It was natural, there- 


"a fore, that subsequent designs provided for carrying both 1 storm water and 


wage in the same conduits. Still later, separate sewers were proposed and 


built to a Their or apparent have been | con- 


‘extremes. Sentiment at frat was stroll in favor of combined sewers ; 
it. swung to the other extreme » favoring separate sewers and» tended to dis- 
ourage the construction. combined sewers. Improper use of separate 


"sewers, “however, and a re-stud y of thie ésonomies' of the two systems ‘indi- 
cate | that. the time may | be approaching when the pendulum will swing in the 


direction. In any “ease, the selection of the proper system | is one of 


the important ‘duties: of ‘the sanitary engineer, 
i 


‘Much progress in ‘the design of combined sewers -and storm- water drains 


| indicated by the change from the old empirical formulas - to the rational 


ethod; but more dependable data required to make the use of this 
7 
A 


method ‘entirely satisfactory. Although rainfall data have been greatly 


augmented a and improved during» the last twenty-five years, little is known 


= eens the distribution of intense precipitation over such districts as. as are 


ordinarily considered in sewer design; little attention is paid to the design 
3 of inlets and catch- basins on which the flow within the sewers 80 largely de- 


at +t 
: a pends; and information relative to the time of flow over the surface of the 
ground to sewer inlets is searce. anon 


ait 


z One of the most uncertain | problems i in the use of the K Kutter formula for 
; sei the discharge of pipes s and conduits to carry sewage, is the value 
to be ascribed to the coefficient, Conditions within “sewers V vary so greatly 
that extreme accuracy in this respect 3 is not to be ‘expected, and it is doubtful 

i what extent the determination of 7 n, , by measur ement, will be helpful. ow: 


ever, it would be a a source of satisfaction to engineers yey doubtless would aid 


in the exercise of judgment, if some ‘really good measurements could be made 


i 
_ Much experimental work has been done in sewage disposal, in w hich, also, 
the PROPS variables and their arent 7 range of variation make it necessary that 
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* municipal sewage. ih Most of the processes applicable to the latter are useful in 


Papers.) ‘PRESENT STATUS OF SANITARY ‘ENGINEERING 


conclusions: be reached with the greatest < care. . The art 0} of sewage treatment: 


pression that the art is in the experimental stage and that, therefore, the — 
construction treatment “plants may well be. postponed, and that little 
progress has thus far been made, is erroneous. Sanitary engineers should 


take advantage of every opportunity counteract this 


the development of new N process ess there is a popula to 


ditions and: that is a field for process which has’ 
? ‘The most vital difficulty in the field of sewage, disposal lies in “securing — 


dlicient operation. As a ‘rule, sewage is not treated for the benefit of the 


citizens producing it, but to protect those living in peighboring communities, = 
who are neither citizens nor taxpayers of the city. in question. It 
popular to appropriate funds which are to be expended | for the benefit « of those 

living outside the community. a The value of operation records : and analytical 


tests is not often appreciated by city, officials: too seldom by engineers. 
The treatment of industrial wastes: in many respects _ resembles that. 


the former. Many industrial waste problems, however, are much more com- — 
plicated and difficult than the ordinary | sewage disposal problem. 


is a new field of activity for 


The accumulation i in the street of iit eis of refuse is a menace to the 


‘public health, refuse may contain pathogenic organisms which, when 
blown i into the air and inhaled, may cause infection. : Street ‘cleaning, there- 


fore, is properly classed as a ‘branch. of sanitary engineering, although it has. 


to do more largely with open than with the construction of works. The 
change from horse-drawn to motor- -driven 1 vehicles and the enormous increase 
in such traffic, | with the resultant increase in the use of smooth pavements, 


have greatly modified the problem of street cleaning. 


The practice of periodically s1 and gutters, a and of sprink- by 
ling | and “sweeping the pavements, has been replaced in a . measure by street Ja 
flushing, which is by far the most sanitary of these processes. Paved streets = 
can be thorou; ghly cleaned ‘and can usually be kept i in good sanitary condi- 


tion by flushing. ‘Street flushing, ho however, involves a number of serious 
at 


Problems, so; some of which are dependent on the manner in which the water 
isa applied. If the water is. discharged 1 under high pressure and impinges — 
directly on the ‘surface of the pavement, it may have a effect 
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PRESENT STATUS OF SANITARY ENGINEERING 
under | some conditions. Some engineers object to the use of water the 


ie theory tl that directly or indirectly it is injurious to the ‘pavement. 


In some cases, street flushing is objectionable because of the 


washed into catch-basins and sewers. The quantity of such matter also in: Willia 


the burden on treatment ‘plants. Some engineers have e advocated applic: 
combination of of sprinkling, sweeping, and pick- up, with. flushing ; and much was ev 
thought has been given to vacuum cleaning which perhaps more Th 
to being a theoretically ideal method of of street cleaning. stated 
2 a0 The relation between t the collection and disposal of rubbish and the pub- yariou 
health is possibly not as clear as it is with street cleaning. There can be so eff 

no doubt, however, that regular and frequent collection of rubbish | aids t the Se 
a householder: in the maintenance of sanitary, conditions about his premises, howev 
By far the most difficult branch of the » roblem of refuse collection 2 and dis drain: 
7 oP osal is that pertaining to garbage. This” is true, primarily because of the BB sJonc: 
unstable character of the organic matter of which garbage is chiefly com- prove 
ey posed, which becomes offensive if not disposed of promptly. Difficulties have 


been overcome in measure, least, » int many cities, by providing moderately 


> frequent collections and by improved facilities for “transportation. 
systems and “equipment used in many places” are far from ideal. Ning ‘ing 


ae the last twenty-five years, marked advance has been aie in dis & yarel 
posal. Engineering and scientific principles have "supplanted the ruleof 
thumb methods of a generation ago. . It is possible to- day to. prescribe the a 
essential requirements for the successful disposal of garbage in a sanitary BT 
manner, whether it is. done by burial, incineration, reduetion, or feeding to cent 

most difficult engineering problem, and one which i is. with sanit 


icall all methods of garbage disposal, has been the control 1 of objection- & lems 


hel 


“praet 


able odors. to such an extent as to prevent ‘complaint. “ri9 The « control of dust | prob 
about incinerators. and of flies and rats about garbage fills and hog ranches, . va 
have also proved to be important problems. sidel 
ad Garbage disposal, like that of sewage, suffers from lack of abemeat on the Bas g 
“part of citizens and officials. Liberal appropriations ‘are not generally forth- men 
goming, either for construction or for operation. Garbage: collection and has 
disposal involves operating expenses which must be defrayed directly from lute 


oo a. tax receipts. This accounts for much of the difficulty in the solution toir 


as 


This field offers great opportunity for scientific researc well: as for 

the creation of a public | attitude which will ‘require: that ample funds be 


provided for the successful accomplishment of the object. 

Erapication or THE Mosquito anp Vermin 


many years it has been held that disease may be 
and other vermin. Positive proof, however, 


| 
papers 
=| 
quito 
sanitat 

— 
| 
| 
— ‘a 
mig 
“org 
cep 
dra 
Ow lever DY We Sulu, proveu VY Dr. vesse WW. Wi 
Surgeon, U. S. Army, who suffered himself to be bitten by 


yn. the 
terial 


nearly 
pub- 
san be 
ds the 
mises, 
d dis- 
of the 
have 
rately 
et the 
n dis 
ale-of- 
the 
nitary 


ng to 


lution 


od by 
f yel- ; 
istant 


— 


papers.) PRESENT “STATUS OF SANITARY ENGINEERING 


quito for the purpose | demonstrating his theor ye No greater sacrifice for 


sanitary science can made that by D Lazear. The e eradica- 
tion of t yellow fever and malaria. from Havana, Cuba, by the late Maj Gen. 
William C. Gorgas. was an achievement which demonstrated the value of the 
application of sanitary science for the benefit of man, and his work at Panama 


was even a more spectacular example. Hoi 


‘There have been other similar ‘demonstrations since these. It 
sated. that, during the World War, 2 000 000 American soldiers stationed in 
various cantonments | in the malarious ‘sections of the South, were protected — 


80 effectively against malaria by sanitary engineering | works that not more , 


than forty cases: of that disease occurred among the troops aay There is need, 
however, for fi further research in this field. Cases are reported where large 


drainage projects: actually increased, rather ‘than decreased, the 


proved highways, been bails in create places for 


Another important branch of field, occupied by sanitary” engineers, 


is rat- proofing, which is being conducted in some seaports by types of build- 


ing construction which avoid refuges for rats and prevent their entrance into 


warehouses and other places where food is stored. = © pha 


‘3 The need of a supply of pure air has been recognized for more than two 
centuries. Many problems relating: to air ‘supply Tie properly in the field 


of the architect, the physicist, or the heating and ventilating engineer. ‘The - 


sanitary engineer, however, called on more and more to solve prob-— 


lems of of air ‘supply, particularly those relating to its quality. Many of these 
problems appear ‘tor relate to the e public comfort. than health. 


siderable. in design of f sanitary ‘engineering structures, ‘such 


as garbage and refuse > disposal plants, s sewers, catch-basins, and se sewage treat-_ 
ment plants. In fact, the principal object of many sewage treatment plants — 


has been to prevent the objectionable odors which have emanated from pol- — 
luted streams. ‘: Similar rv problems an arise in many industrial | plants such as abat- 

toirs, rendering works, fertilizer factories, oil ‘refine 1eries. These prob-— 
lems naturally fall w ithin field of the sanitary engineer. thie 
From the assertions of seventy- y-five y years ago, that sewer ‘gas was a deadly 
miasma laden with elements of almost every known disease, and of Charles ry. 
Murchison® that typhoid fever was “produced by emanations from decaying 
organic matter’ ’, the accumulation of knowledge has led to the present. con- = 

ception that “the chance of direct bacterial infection. through the air 

drains and “sewers is is SO” slight as to be practically negligible”+ i T he former 
theory, however, , erroneous as it ; may have been, was not without its bene 


ficial effects, for ‘it ‘undoubtedly resulted in many sanitary improvements. 
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10% air is comparatively 


free from organisms and poisonous gases, it is ‘important that 
familiarity shall not breed contempt, for danger may lurk in the air within 
sewers. Under some conditions, products of putrefaction, like methane and 


carbon dioxide, “may prevail to such an extent that the air will not Support 
oo; 6 respiration. _ Large > quantities of hydrogen § sulphide may be present, , as ng the 


Los Angeles Siphon ;* illuminating gas may also occasionally be found, 
aia since the development of the modern garage, gasolene has become an almost 


menace in the sewers of “large cities. Odors” from foul deposits, 
‘Septic sewage, and industrial A from sewers through de- 


fective plumbing, ‘manholes, gutter inlets. Remedies for many such 


conditions are known, but there are unsolved general and local. problems 
ue which will m make their demands o on the ingenuity Of the sanitary engineer 
Objectionable odors” about sewage treatment plants been the cause 
complaint and some litigation. ‘Present knowledge enables the sanitary 
engineer to accomplish much toward their elimination or control. ih The work 
Dr. W. ‘Horrockst indicates ‘that where sewage falls vertically the 
eighboring air may contain the Bacillus Coli ‘and various Streptococci. He 
—— alleo found that if such an easily recognizable | organism as B. prodisiosus i is 
a introduced into sewage, it may be recovered from sewer air into which he 
—, assumed that it had entered by the bursting of bubbles of gas rising through 
‘the sewage, from the splashing of falling sewage, or from the drying of the 
? sewage left ‘on the walls of sewers when | the depth of flow decreased. The 


results of such tests led to interesting speculations regarding the bacteria 


@ pe flora of the atmosphere in the vicinity of some of the modern se sewage treat: 
ment as fine screens, tanks, trickling filters, and aeration 
tanks of activated sludge plants. fo 


ig it Probably « offensive odors from garbage, both during collection and disposal, 


have caused more general complaint than those from : sewage treatment plants 
or industrial plants. Dust-laden air has also been a serious annoyance in 


some » cases. Sit Similar complaints of odor and dust from many industries have 


a 


become common, have demanded recognition by ‘State and municipal officials, 
nd have been the subject of legal action. 


The treatment of air has become as common as the ° treatment o of water 


sewage. Air i is humidified and its ‘temperature is: regulated in “order to 
make it more agreeable and, perhaps, more healthful to the consumer. It is 

to intense heat: to remove dust, soluble gases, and 
“odors. . For the same reason, it is treated with oxiding agents, Tike. chlorine 
may be treated with deodorants like phenol, 

creosote oil, and tar oil; in a mixture of odors, i if one is stronget 
than the others, i it will completely mask the weaker odors. This last method 


is in further investigation. AR 


ty Engineering: August 28, 1909, p. 252; “American Sewerage Practice”, Vol. 
Proceedings, Royal Soc., Lond., Se ries 1 Vol. LXXIX (1907), 255. 
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“thet AND AIMS | THE SANITARY ENGINEERING Division” 


There has been growing feeling among sanitary engineers ‘that the 
Society ‘should take an active part in the development, of the art of sanitary 


rithin 
> 


> an 


‘pport 

t the Engineering “Division. "Sanitary science, or the knowledge of the funda- 

|. and mental truths of ‘Nature, affecting the health of man, is the foundation on 

Imost ‘which rests the: art of sanitary engineering, or the application of such truths : 


ba sanitary engineering works for the health and comfort of the community. — : 
Advancement of knowledge may come through original ‘research and ‘the 
of information acquired through | experience. These considera- 


vosits, 
h de. 


such 

.. je tions suggest that the purpose of this Division may be defined as follows: | 
vine “The ‘objects of this Division shall be the increase of knowledge in and © 
advancement of the sanitary branch of the engineering profession and 


the encouragement of social intercourse among sanitary engineers and sani- . 


cause @ tarians, to the end that sanitary engineers may be of greater service to the 
th beginning the work of this Division, consideration | should be. given 
ly the to ‘the fact that other Societies a are functioning in the field of sanitary engi- 
i. He neering, among which are the American. Society for Municipal Improve- 
ments, the Health Association, and the American Water 
ch be Works Association, 
irough Duplication | of effort. is a waste of energy. ‘should be an aim of this 
of the & Division not to duplicate the work done by other Societies, pie to deal with 
. The underlying principles and with 1 the ‘state of of the art rather than n with mere 
cterial | dkseriptions of their practical application. 
treat: should be an aim of this Division to record, through papers and dis- 
sration cussions, accurate records and conclusions drawn from dependable data. 
ad By 4 eories which appear t ar to be sound | and are predicated on known facts, may 
sposal, J serve a useful purpose. A guide which may be helpful in determining the 
plants character: of papers and discussions to be formally presented, may be found 
nee in in one of ‘the current a regarding papers presented to the maul as 
' en Papers containing matter readily found elsewhere, those specially advo O- 
cating personal interests, those carelessly prepared or controverting estab- 
water lished facts, and those purely ‘speculative or foreign to the purposes of the 
is It is a lamentable fact that man: many sewage ‘treatment plants become 
“seriously impaired through the action of natural agencies: within a few years 
the date of their completion. should be recognized that, although good 
phenol, engineering requires the accomplishment o: of the p purpose at minimum of 
tronget test, the measurement of cost must include, in addition | to that of construc- 2 
method tion, the expense of maintenance and ‘operation, It ‘should be an aim of _ a 
this Division encourage a high grade of ‘engineering construction. It 
Vol. ould | also encourage the highest practicable standard of maintenance. 
Perhaps he most serious difficulty in sanitary engineering is 
dbtaining Proper operation of sanitary engineering works. 


papers.] PRESENT STATUS OF SANITARY ENGINEERING | 
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- cials believe that operation is not a y moran of the engineer and that afte 
works have been constructed 1 they should be turned o” over to operating exec: 
ie of these executives have neither the training nor the skill to 


Bast ili a> 


exercise efficiently the duties involved by these works. On the contrary, the] 
operation of such works should be under the direction o of the sanitary engi- 


_ neer, for efficiency in ‘operation depends on ‘the application. of knowledge of 


sanitary science and of the principles of sanitary engineering. ae a 


It should be an aim of this Division to render assistance through co 
operation with duly constituted official boards and by any other prope 
: means, in the establishment of suitable methods and standards of operation 
The need of broader knowledge is apparent in every sub- division of sanitary 
4 engineering. It should be an aim of this Division to foster research through 
its committees and wherever practicable by co- -operating with the operator 
existing plants and with other. agencies organized for this. purpose. 

Finally, ‘the most “important function of this Division will be that of 

_ obtaining a free interchange among its members, of information developed 

_ by investigation and experience. — It is a creditable fact that the engineers 

of this country are in the habit « of cordially exchanging information and ren- 

dering assistance to one another. should be an of this Division i in 
eve ery manner possible to foster this spirit of co-operation and to secure high 
ethical standards, in order best to serve the community. Re, service will 
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EROSION: ITS" CAUSES: AND CURE 


eration The e object of the ‘paper. to explain specifically the prince S 0 
sanitary beach erosion and accretion and to determine the principles which eo 
through these actions, and thus to pave » the w ay - for the suggestion of a remedy which 
perator shall be both scientific and practical. It: is believed this « object has been at- 7 
tained. |. Finally, two examples are given, 0 one in France and the other i in Brazil, 
where works have been ‘constructed, that illustrate fully the principles herein’ 


wweloped enunciated and are a confirmation of the conclusion reached. 


nd acd There are few problems in engineering that: have been. fraught with 
in 


hich greater disappointments than. the efforts to prevent: the erosion of beaches. 
Te hig 


Many of the devices used “not only failed to prevent, but 


order to «leew understanding of the ‘difficulties to be encount- 
“ered, it is necessary to consider the action of the forces that must be con- | 


“trolled to obtain satisfactory 1 results. These forces are waves. and currents. 

The waves” | produce the disturbance that places: the material in 
“nnd t the currents transport: it in the direction of the flow. _ Without: the action by 
of the waves, the littoral currents s rarely if ever ¥ would disturb the. sand on the 
beach virtue of their own. velocity. The ‘waves alone, however, , striking 
the shore at an angle, will produce some lateral movement of the material, 
but ‘this effect is small eompared with the combined activity of wave: 
current. the other hand, waves” striking the beach at an. angle normal 
the shore line will have no tendency to but to pro- 


duce ac ecretion, as will 


In deep w vater, wave action is simply one of vertical. oscillation, the ea 


tude of which will vary with | the magnitude of the disturbing cause. When 
the wave reaches water which is $0 ‘Shallow that the depth is less than the ‘ 
amplitude of the wave, it assumes motion of translation. The bottom 
is disturbed, and the sand is driven shoreward. The retarding effect of the 
bottom friction causes the surface water to gain on the bottom filaments and = 
to heap up; the wave increases in height and, ‘finally, breaks, depositing the 


‘sand pushed along by it in the form of a ridge, that is, a bar. The wave then 


a Norr.—Written discussion on this paper, which will fot be presented at any meeting 
of the Society, will be closed with the March, 1924, Proceedings. rane | finaly, closed, 
paper, with discussion, will be a Fransactions. 
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it ‘reaches a depth which disturbs its oecllatory character, when it again 
becomes ¢ a wave of translation. a Thus, the phenomena previously described ™ 
are repeated over ¢ over ‘gain’ until the ‘shore is reached. After the last 
break of the wave : near the beach, the water is driven up the slope with con * ” 
siderable velocity, carrying with it the sand held in suspension part of 
which is left on the beach and a part is drawn back by the receding water. 
a Succeeding waves repeat this ‘Process; those of ‘the same amplitude i increase 
bull of the little bars. previously. formed, whereas those of a different 
amplitude form. new bars and dissipate existing ones. Thus, after every storm hig! 
= _ these little bars are found t ‘to have changed i in ‘their distances from the shore fide 
a * In the case of waves approaching the shore at an angle, the end which °° 
n a reaches shallow water first is retarded and the other end gains” on ‘it, ‘so that fous 
by the time it reaches ‘the shore its direction will be practically normal. As 
a result, the actual movement, of sand near the shore, due to wave action - 
is practically nil. Ih deeper” water. however, where the wave first the 
feels the effect of depths than its the sand movement sior 
sh shore may be considerable. hig! 


‘The current is the important factor in beach erosion. Although the 
velocity may be so feeble as to be absolutely useless for moving sand from a 
state of “rest, yet. when the sand is in suspension because of wave actions ™ ‘et 


a considerable movement takes place. Where the beach is continuous, without 
4 


inlet artificial works, this_ ‘movement will be constant whenever there 


is sufficient current and wave action to put the sand in suspension. No 
actual erosion takes place because the material removed is immediately i 
tor 


replaced by a similar quantity moving along. the shore. If, however, there °°" 
is a break in the continuity of the shore, as at a tidal entrance, a river 
mouth, or an “artificial obstruction, which interrupts the continuous move 
‘ment the sand along the shore, erosion may occur. Where this interrup dir 
tion is. due to tidal entrance or river ‘mouth, the “moving material is 
on the weather side of the entrance, and erosion is caused on the le 


side. (“Weather” and “lee” as used in this paper relate current 


the “littoral reverses its direction, weather oil 


sides change places with the corresponding aceretion and erosion, and if 
these_ alternate directions and forces are equal, no actual progressive erosion 
the 
or accretion takes place. Generally, however, t there is a prevailing direction 4 
in 


fy to the littoral current, although interrupted frequently by reverse currents 
due to local causes; in this case, erosion and accretion become very “marked ah 


the interruption to sand movement the shore is due to: an 

phenomena may “occu, depending on on the character of the the 

_ structure is low so that it is submerged at high tide, and if it is protected # at F fa 


— the inner end so ‘that its ‘connection with the shore safe from scour at 
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again that point, will be accretion on the weather side, which will reach the 
top of the work and extend nearly to its” outer end. ‘On the lee side, there 
will be erosion, and this will be increased by the overfall which will excavate ~ 
a trench | throughout the entire length of the work. iT here will also be erosion: 
of the outer end due to the concentration of the current at that point. The 
erosion is thus. somewhat greater than the accretion, , and if the direction of 
crease the littoral current changes, a‘ reversal of "these effects will follow and the net 
eeu “result of such an artificial work will be « erosion. ] If the work is constructed at a 
asia } higher level throughout, that is, above extreme high tides and ordinary storm b 
dak tides, there will be aceretion 0 on the weather side, erosion on the lee ‘side, and 


whan scour at the outer end. eddy will be produced the lee side causing 
o that -aceretion the shore end and erosion farther away. ‘succession of similar 


e last 
con- 


structures, ‘spaced sufficiently close. together to neutralize the eddy, will cause > 


accretion within the area embraced as long as the high water does not overtop — 
the works. When, however, some great storm or cyc clone occurs, such | as occa- = 


Welt VRE TE) 


. sionally happens on the Atlantic and Gulf. Coasts, causing the water to. rise 


high» above the protecting works, all ‘accretion that may have accumulated 
during months or years, may “disappear and there may be additional erosion — 7 


aggravated by the works themselves. The net result will be to leave the beach 


in worse condition than it was before the works were constructed. §=_—» als 


_ Another cause of erosion, which is of far- reaching effect, ‘and not easily | 
detected, is that due to the ‘presence of an artificial construction ‘Wibeiliie 
far out from the shore, ‘such : as a Jong jetty « or the works of an artificial harbor. 
On the lee side of such a construction, an eddy is formed, the effect of which — 
inay be felt a considerable distance from the work. itself. 


‘The | operation of this eddy in producing erosion is as The lit- 


toral current flowing past the outer end of such a ‘structure drags the water oe 


out ut from ‘the lee side, producing a ‘current seaward along the structure. The a 
lowering | of the water near the shore causes a current along the shore = La - 
direction opposite the littoral current. . The ‘depression thus formed causes in 
ial is “turn a current from the deep water toward the shore, and thus a rotary motion 
he lee of the water or eddy i is established. Beyond the “eddy. the current ‘resumes the 
direction. of the normal littoral movement. ‘Thus, there occurs within the 
‘area affected by this disturbance, a current i in opposite directions along th ae 
shore, with an onshore current. to ‘supply the depression thus” formed. This 
“onshore current reaches” the beach practically clear of sediment, with full 


eapacity for transporting sand put in suspension by wave action. The erosion, = 


yin itt. 


ection therefore, is constant and cumulative as long as the littoral current continues 


te _ The e causes of erosion being clearly understood, the remedy naturally sug- 


to 
bests itself Anything that will diminish the current or wave ‘action will 


[f the reduce or erosion. In the past, efforts have been directed mainly to 
ted d the reduction of current action. Frequently, this method has resulted i in 


failure and, , at ¢ other times, in actually increasing the erosive effect. It is 
"proposed, therefore, to attack the problem from a different angle, that is, by 
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allowing the its full sway, but the wave action, 


- This can be accomplished by building a breakwater parallel with the shore 
“ line and some distance o out. The e top of this structure will be below the water 


a surf ace, , its purpose being to ‘reduce the height o of the waves between it and the 


5 shore. _ This reduced wave action will cause less disturbance of the bottom 
and, therefore, less movement of sand within the area thus protected Gane on 


her side. _ Consequently, more sand will be brought into this area than will ill 


s thro ugh it, and accretion. will: result. This effect will be the same no 


in which direction the littoral current flows. Even during great 


storms or cyclones, there will always be less scour within this protected ar area 
= than outside of it, and the itself, being parallel to the shore, 


impose no condition ‘to cause erosion. This method of protection leaves the 


beach unobstructed, so that its use as a public drive or for bathing purposes 


regards: the details of the bi breakwater, it is difficult to lay down hard 


and fast rules for all conditions. si Any form that will reduce the size of. the 


af 
waves and withstand their action, ‘will be satisfactory. The distance from the 


; ‘shore at which this breakwater should be placed, Ww vill depend on the slope of 
a ‘the beach and other local conditions; but the structure should always be outside 


ie ‘the low-water shore line. The elevation of its top will be governed by the: range 


ee the: tide, but, in eo ‘case, should it be such as to cut off wave action altogether; 


for in such an event. the entrance | would be closed and distribution of the 
~ aceretion could not be ‘effected. b ‘The higher it is, the more rapid will be the 


_ accretion behind it. | With the partial closing of the entrance by accretion, an 


"increase in the velocity of current will be > developed, which will compensate 
ing a measure for the reduced wave action, and a more or less even 
of the : accretion throughout the protected area will take place. 
| Sa example | of such beach protection is found at the a des 


_ Huttes Pointe de Grave near the mouth of the Gironde River, in France, where — 
a breakwater was b built parallel to the shore | line and 150 m. . from : Ms ;: ‘It has a 

; length of 1300 m., and is completely connected with the shore : at one _ end 
and partly so at the other. It also. has. two small openings ir in front. top 
‘ts about 13 m. | below high water ‘ond 4 m. _ above low- water level. rey “he tidal 


_ ‘Tange from low water to ordinary high w rater at the Equinox i is : BR m., and to. 


_ extraordinary: high water at the Equinox, 6 m. 


In 1881, Lieut. _ H. Bixby (now Brig.- -Gen., a, U. A, Retired, Am. 
Soe. C. E. ), made an. inspection of the various works: et the protection on of 


beach at this point, and, in his report*, he states that: 


_ “Of all these constructions the latter [the breakwater at the Anse des 
“Huttes] has proved the greatest success, and is a grand victory gained over 
the encroachments of the sea. This breakwater ‘now requires no particular 
ee ‘ 9 attention as the beach has so widened and the sea so retreated before it that 
i the casual visitor might wonder why it was ever built. Its si success is due to 
= solidity | and to the fact that its style of construction is such that more 
- _ sand and gravel is deposited in its rear during fine weather than can be car- 


ried away even several successive storms.” — 
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4 


ion, Lieut. had diide rstood the p principle 4 in this style of con- 


shore struction, he would probably have realized that the’ tendency to deposit sand 


water : and gravel in the re ear of the breakwater existed during storms as well ; 


This form of construction was used only after all other methods had failed. 
The numerous | massive masonry projections rising from the broad ocean slope 


1 will of the structure break 1 up the continuity of incoming storm waves. ‘As far as 


1 no Fe is known, this is the only ¢ ase where the design and execution have fully met 


erent the conditions for beach protection as presented ; it is believed tha if 


area principles involved had been appreciated thoroughly, ‘the cost of the structure 


the Another example is rni shed by a work executed at Cear 4, Brazil. ‘This 


poses J was the construction of an outer harbor to enable ships to find shelter where 
could load and discharge cargo and passengers during all conditions 
weather. his work was designed in 1875 by the eminent English engineer, 
- the late Sir John Hawkshaw, Hon. M. Am. Soe. O. EK. Fig. 1 shows his plan 
with conditions as they existed at that time. 
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plan consists of a solid “quay: 
length: of 430 m+ (1: 410 ft.) approximately parallel with the shore line and 


about 400 m mel 312 ft.) away from it. . Connecting it with: ‘the shore is an 
open. viaduct, 250 m. (820 ft.) long, screw- -piles. To this map, the high- 
water shore line of “1889, taken Chart No. 1163 3] Hydrographic 
Navy, has been added. Thus, it will be seen that. this artificial harbor, 
onstry at an estimated cost of more than $1000 000, has ‘been destroyed 
Prac cti lly by the accumulation of sand. et ‘small basin within the protected _ 


rea was dredged _to a of 2. 74 m. (9 ft. However thé 
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struction of Harbors”, 


the are strictly in accord with the by | 


As beach protection, however, t the case is illustrative. The waves from the 


a break on the shore and thus put the sand in suspension, after which | it 


ise carried along by the littoral current to the west. When it passes through a“. 


open. the harbor, the wave action. ceases on account 0 of the 


in its lee. ' 

the eddy that causes ‘the erosion to ‘the leeward. 
ee Incidentally, it may be. confidently stated that the filling of this artificial 

“4 harbor could have been prevented: First, by closing the viaduct to. prevent | 


entrance of sand from the east; ‘second, by constructing a spur from the 


_ shore toward the west | end of the breakwater, leaving only an opening ‘sufi. 


cient for the passage of vessels in and out of the harbor, and suentting the 


entrance , of sand from the west; and, third, the | construction of a ‘Short jetty 
farther: to the west, to Prevent the formation of an eddy which | invariably 


takes place. in the lee of such a work | end causes the the erosion of the beach, as 


respect to wave articles will be found to be instruc 


tive, as follows: Encyclopedia Britannica, “Waves”; “The Preservation of 


Sandy Beaches”,* by E. J. Dent, Am. Soc. C. E “Wave Action i in 
tion to Engineering Structures”,t by D. D. Gaillard; and “Design ar and Con- 


Transactions, Am. Soc. C. E., Vol. LXXX (1916), p. 1786. 
Prof csstonal 31, U. S. Corps of Engrs. 
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| THE DISTRIBUTION OF INTENSE RAINFALL AND SOME E 


FACTORS IN THE DESIGN OF 


object. this: paper is to present data showing area. covered by 
excessive rainfall of short duration based on measurements made i in the Boston 
Metropolitan District, at New Orleans, La., and results of one > observa- 


tion : at Cambridge, Ohio; also to to call the paucity of data relating 


to certain other factors entering into the design of storm-water drains by the - 

80- -called “Rational Method” and to stimulate interest in tl these matters in the 

hope: that additional studies and measurements may ‘be undertaken that will 
_ make it possible to draw more definite conclusions than are now feasible. here 


a Records from twelve recording rain gauges in the Boston Metropolitan Dis- 
have been col lected and for the 1918- 1922, inclusive, and 


Similar studies have been made of six periods in the storm of April 9 
1920, at New Orleans, La., using the records from six recording rain gauges. 
results” of one “observation reported at Cambridge, Ohio, have been com-— 
piled for e comparative study with the other information. pid — 
es he data presented indicate that for tributary areas of the size ordinarily — 
| “considered in the design of storm -water drains, the variation in the rate of 
_ Precipitation within the are area ey ‘so small that the fundamental assumption of — 
appears to be justifiable. large areas, 
ever, the designer m may be justified | in reducing the intensity of precipitation 
because of the size of the tributary area, and, in addition, may make 
usual reduction for increase in time of duration. These statements are 
tentative, conclusions ‘only and apply, to ‘the Boston area or other comparable 
Further measurements are needed before. final conclusions can 


studies. indicate that data collected in New Orleans may be applied 
the Boston District by altering the estimated frequency of the intense rate == KS 
precipitation to conform t to the natural conditions in the latter place. In the Be 


Norg.—This paper will at the meeting of the Sanitary Engineering 
Division to be held January 17, 1924, during the Annual Meeting of the Society. _ Corre- 
spondence is invited and my, ‘be sent by mail to the genptnny for presentation at that 


* Cons, Metcalf and Boston, 
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A 
"future, if this tentative conclusion n can | be substantiated by sufficient fall 
the practical value of 1 the accumulated information will be great y incre ased, dura 

Z and its applicability. extended | so as to be serviceable i in other areas : for which atl 

actual measurements may not be available. stg diffe 
An endeavor has been made to present the facts in a manner that will able 
permit other investigators: to draw independent conclusions, or to ‘combine run- 

records with others that may be accumulated later. are. 
as  Itis s of interest to the | profession to have additional studies made, that will an 
Botner on which definite conclusions can be based regarding the § the 


distribution of intense rainfall, the run- -off from small sewered areas of various dist 


of imperviousness, and t the so-called inlet ettime, side 


THE Ration: AL OF Design FOR Drains 


“Mature judgment based on broad experience always be of 
importance in the solution of storm-water ‘drainage problems. Recently, the 
gathering of information on the intensity of rainfall and the frequency of 


occurrence of rains of high ‘intensity, has to ‘the development cof the : 
be 


oy called “Rational Method” of storm-water drain design, which permits the use 


of available data as a a guide to judgment. 


sty the principal steps in the Rational Method are: 


ind 


—Selection of a curve giving rate of rainfall for various periods of 


duration ; for which ‘provision should be made. 


of the coefficient of run- -off; that is, the ratio between 


the maximum rate of run-off and the rate of rainfall. Ks — ti 

3.—Determination of the coefficient of imperviousness « of the district; 
ounce «ive that is, the ratio of the estimated equivalent impervious surface to 

aston o the total area of. f the district. tires i 


2 ple —Determination ‘of the « area tributary to the drain at each successive 
of. the time of concentration, or time required for 
to flow from the most distant point of the tributary: area 
each point on the drain. to ater 


niet of the inlet time, or average time required for water to 


of the rate of run-off a given area tributary to 
8 —Computation Fy Apa: ‘required capacity of the drain at each point. 
4 
Intensity of Rainfall — ‘Considerable is available for various 
parts of the United States on the probable intensity of rainfall based on records 


moldy orf. oj 


- recording rain gauges, and covering fairly long periods, _ Curves have been 

deduced from many of these records, | showing» the probable intensity of ‘rain: 
fall and frequency of of storms of given. at These data 


are sufficiently complete to ser as a reliable basis 


tion of rain’ 
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fall intensity curves; * showing the relation between intensity of rainfall and — 


Papers.) ‘DISTRIBUTION 


= 


eased, duration for any given frequency of occurrence. 
which Run 7 


iiffrent classes of areas are rather meager, but some are 
will  ablet on wh hich to base an estimate of the ratio between the maximum rate of 


mbine run- -off and the rate of rainfall if the physical characteristics of the districts 
are re known orcanbeestimated. Tidadoag ai te 


at: will of Imperviousness— —The ‘coefficient ‘of imperviousness, that is, 


ratio of the estimated equivalent area to total area of 


the area 
as to take tito account the to ‘which the soil is more or less" 


"impervious. For or a built-up district, the area of impervious surfaces can be 


determined with reasonable accuracy from maps based on field surveys, or can 


be estimated by comparison with similar districts for which the relative area i 

is is ‘For districts that are ‘not fully developed, the coeflicient of imper- 

_viousness can be estimated by comparison with the data from built- -up p districts. 


Tributary /Area—The area tributary to the drain at each successive point 
“for which computations are to be from a good map 
Time of Concentration— —The time of ‘concentration, or time for 


"water to flow from the most distant point of a tributary area to each point on 
the drain for + which | computations are to be made, can be computed with suf- 


ficient accuracy by approximating ‘the average velocity and corresponding 
time of flow in the drain, and adding the inlet time. wiieavtoieds we piakh = 
od nlet Time. —The determin ation of the inlet time, or that required rom water 


et of the 


nental 


y, the 


Rate. of Run-OFf. —The rate of run- -off ay given area 
point on the drain for which computations are made, is obtained by <j 
the coefficient of run- -off and the coefficient of imperviousness to the rate of 
rainfall for the time of concentration, , and is a matter of o computation usually — 
aided by diagrams. The Rational ‘Method assumes that the maximum rate 
of Tun- off will be produced by a rain of uniform | intensity distributed over the ? 
“entire drainage area and having the same duration as the time of concentration. 


oh Require ed Capacity y of Drain. —The product of the rate of x run-off and the 


4 _ pepe 
"area tributary is the required | capacity of the drain at the point under con- a 


-. * “American Sewerage Practice’, Metcalf and. Eddy, Vol. I; “Elements of Hydrology”, | 


ne “Hydrology”, Mead; and, ‘Municipal « and County Engineering, R. E. Horton, M. Am. | 


So 


= + “Run- off from Sewered Areas”, Report of Committee, Journal, Boston Soc. of Civ. 

‘Bes. June, 1914, pp. 291-382 ; Report of Committee on Charles River ey 1903, diagram 

posite p. 174; “Annual Report, Dept. of Public Works, Portland, Ore., 1916, 74; fiecrem 

of Committee on Rainfall and Run-off, The Municipal Engineers N. 

(1922), P. by Kenneth Allen, M. Am, Soc. C. E. 
r by John | ede m OC. The Munici: at En ineers ~y 
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& ‘The ‘steps outlined indicate the | principal points in the Rational Method 


_ that require judgment for their determination, and the extent to which avail- 
able data can be utilized to aid judgment. _ By this method, » more reliable. 
me can generally be obtained than is possible if judgment must be used to 


determine factors that are less tangible and affected many more 


or less indeterminate conditions. Waldiay to sil it an Re 


The coefficient of run-off i is probably the most difficult factor to determine, 
ecause it is not constant for a given area, and is affected by many y conditions, 
_ The coefficient is seldom unity, even for a surface entirely covered by a pave- 


ment. Evaporation takes place a slight ‘extent during rain | storms, and 


storage and absorption occur r with so-called impervious surfaces. a rain 
a, storm progresses, the. coefficient of run- -off usually increases due to a decreased 
es, and the ies of ‘Storage | 
om- 
oth re imperviou rea 
‘The intense rain which causes heavy run- -off usually occurs in the early part 
‘the: and in storms of the thunderstorm type during the summer 
a _ Accordingly, the coefficient of run- -off will generally be less than 
that from storms in which the intense precipitation occurs after a ‘considerable 


perio of rain, or at other seasons of the year. 


firm of Metcalf and Eddy has made allowance for these 


considerations by reducing the coefficient of run-off according to the so-called 


“zone princip 
Inrormation Lackine REGARD TO THE DISTRIBUTION OF Intense 
Data. on the intensity of rainfall are taken from the records of recording 


os rain gauges. | For most localities a single gauge is used, thus, the records | 


Ber 


show the intensity rain | as recorded at one point, and not ‘the average 
intensity: for a given time over a considerable area. Where two or more 


recording rain gauges have been placed 1 to 3 miles apart, or even less, it has 
been observed that, with intense storms, ‘there i is considerable difference i in the 
rate of rainfall recorded by ‘adjacent ; gauges. . The area on which re rain falls at 
E a high rate for periods of an hour or less is comparatively small. - Therefore, 


if le large areas are involved, there is the possibility of a considerable error in 


assuming the intensity of rainfall to be uniform over ‘the tributary 
ti (assumed i in the Rational Method). For small oes, the effect is much less 
important, and may be negligible alt rived ogan 


H fies) 
Practically no detailed information has been published in to the 
areas. that may expected to receive rates of precipitation for short 
rain gauges. 


een ‘recognized 
time. In 1911, Edgar S. Dorr, M. Am. E., Chief Engi- 
neer of the Sewer Service, Department | of Public Works, Boston, Mass, 


* These facts are illustrated in a paper by Robert E. Horton, M E., E, 


+ Described in Report to Commissioners of Sewerage upon the Sewerage and Drainage 
4 The City of Louisville, Kentucky, by J. B. F. Breed, Chief Engineer, and Metcalf and Eddy, 
“August, 1921; also, in ‘by John W. Raymond, Journal, Boston 
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DISTRIBUTION OF INTENSE 


as wall as made it it impossible to ob’ obtain “records ‘of 

value on the distribution of intense rains. 

ny _ About 1900, four Fergusson recording | rain n gauges . were placed in Worcester, | 

Mass., . under the direction of Mr. Harrison P. Eddy, but no ‘satisfactory data 

on the distribution n of intense rainfall were obtained. records of the 

‘gauges showed wide variations in intensities, for the same storms. as 


a In New York, N. ¥..: there are eight recording rain gauges, but as hie: 


“have been placed on 1 an area about 29 miles long and 14 miles wide, extending 


from the southerly end of the Borough of Richmond to 177th Street, in the © 


Borough | of the Bronx, little opportunity is presented for obtaining records a ; 
the type discussed cel the writer. This subject has been referred to ina ‘en 


comparison of high intensities at different athens the 
storm indicates how restricted the areas are that are usually subject to the 


extreme intensities — which our intensity curves and estimates of run-off 


| 


‘Asa E. Phillips, M C. E., in presenting+ data obtained from the 


records of spaced at intervals of 2 100, “a 
1975 yd, respectively, approximately in a line paralleling tl the general eal 


of the Potomac River, makes the following comments: Bis 


rain gauges covering a considerable area, and the results are altogether incom- 
plete and tentative, yet this phase of the subject appears to merit discussion, — 
and more extended observations may lead to a better understanding of several — 
of the factors of run-off. 
“The feature of these comparative records, the w writer would suggest, is not ot . 
illustrated clearly by the curves of mean rate shown on the diagrams; for, in _ 
the latter, the 7 variation in station rate is an important factor ; but, rather, the 
~-very limited area of maximum precipitation, which is well indicated ‘by the 7 
travel of the maximum across the field of observation. 
_ “Whether the great storms of 1898 at Philadelphia and Norfolk which were _ 
of extennniiners, duration, were recorded correctly by the single station of 
observation, or whether the average rate for any period, over a considerable area, 3 


fell far below that record, it is not possible to determine. Local | observations, 
however, seem to indicate that no storm has here been recorded having an 
average precipitation for the three stations exceeding 2 in. of actual rainfall © 


in one hour, and no storm of great duration—and therefore considerable area, 


Seven recording gauges: have been installed within city limits" 


St. Louis, Mo., by W. W. M. Am. Cc. E., ina paper r entitled 


“Extraordinary Rainfall Flooded Portions of St. ‘Boul a comparison of. the 


eae records from seven gauges for the storm: of August ° 94, 1918, is shown. 
These gauges are in a a long narrow area, about 63 by miles, extending in a 


* Progress Report of the Committee on Rainfall and Run- off, Allen, M. Am. Soc. 
Chairman, Municipal Engineers Journal, Vol. 8 (1922), p. 26. 

Transactions, Am. Soc. C. E., Vol. LIV (1905), pp. 191-192 


t En ineering News-Record, October 10, 1918, x 672. 
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OF INTENSE RAINFALL [Papers 
westerly direction from the “Mississippi | River and across” city and are 


3 _ spaced from ? mile to to 12 miles apart. The maximum precipitation fc for | 
hour (11:20 a. m. to 12:20 p. mu.) is shown in Table 1 to v. ary from 3.60 in. to 
oe 18 in, Unfortunately, r records of gauges to the north or south were not given, 


thus pr | preventing a determination of the area covered by the intense downpour 
a given period. The following quotation from Mr. Horner’s ‘paper is of 


From» the best evidence it would be judged that the intense ‘downpour, at 
any one time, probably covered an area between 2000 and 4000 acres. In 
; ie addition to the effect of the extraordinary intensity, the effect on the sewer 
rz “system 1 was accentuated by the movement of the storm in . the | direction of the 
. flow through the sewer mains and at an approximately equal velocity. It may 
have been entirely therefore, in so. as the effect on certain main 


“ously 0 over the area.” 
ver the whole are: ve 


oF Avaust 24, 1918, at Sr. Louss, Mo.* 


Straight-line dis- hour of maximum in- Time of beginning of 

in miles.|  Rain-gauge station. tensity, 11 a. w. to 12:20 heavy downpour, 4. Me 


1s 


Data from ing News-Recor 4, October 10, | p. $72. Hoel 


Rainfall ‘records: have been obtained at ‘New’ Orleans from six recording 


able for this study with the assistance of Alfred ] F. Theard, M. Am. Soe. C. E, 


and are referred to subsequently. Some interesting comparative studies based 


the records of these gauges have been n published.* 
Messrs. ion of intense 


oefiicient of Distribution of Rainfall—It is a well- recognized that 


hy heavy rains cover but a limited area, and the intensity of dow npour diminishes 


as the distance from the center of the storm increases. . Very little definite — 


information is to be had regarding these matters, and that little has not been © 
a analyzed sufficiently to draw positive conclusions, other than that there is such ‘4 
; % 2 -a diminution in rate of rainfall. American engineers have usually been con- ; 
to recognize the fact, and to al allow 4 for it by using a smaller Tt un-off factor 


_ **“The Distribution of Rainfall OM: Restricted Areas”, by Alfred J. Henry, — 


Weather Review, July, 1921, p. 401. wedi “ 4 
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Papers. DISTRIBUTION OF INTENSE 


states* that, according to observations i Germany, the 
rate” of precipitation at a distance of 3000 n m. (9 850 ft.) from the center of 


the storm was one- -half the maximum rate, and that a plotting of the reduc- 
tion in intensity followed “a parabolie curve, From these data, he derived 

_ the equation, D= 0.005 NTL L (for L, i in meters), the center of 
the storm t be ‘the center of the drainage area. D represents the ratio 


of the : average intensity of precipitation over an area a of diameter, L, to the 


naximum intensity at the « center. is the length of the sewer, diameter 
the drainage area. If L is expressed in feet, this” equation reduces to, 
‘Frithling doe does give “the data on which th he based his assumptions, but, 
apparently his studies were confined to intensities in excess of 55. ‘sec- ‘liters 
‘per hectare (0.78 in. per hour). - From the foregoing equation, the following 


= of D hav a been computed for various values of L, in feet: Bie ie tout) 


m 


081 086 072065060 


7 
‘Daniel Ww. ‘Mead, M. Am. Soe. C. refers. to a 905 -min. precipitation 
which ‘occurred near Cambridge, Ohio, on July 16, 1914.4 The storm 


tered over the U. Weather Bureau Station and a good record « of ‘the 


maximum intensity, (7 09 in. in 90 min., equivalent to a rate of 4. 73 in. per 


hour) obtained Shortly after the storm, ‘the County Surveyor traced 


outline, thus g giving a ‘reasonably good measure of ‘the area covered. It 
was assumed: that the outline represented a rainfall of 2 in. . Isohyetal lines 


Station. - The areas shown in Table 9 were measured on the diagram in the 


| plotted proportionately between ‘this outline | and the ‘Weather ‘Bureau — 


book referred t to previously. 


high intensities | of may be expected for short a 


time caused Messrs. Metcalf and Eddy to take 1 up the work of collecting the 


available data in the Boston: Metropolitan District. Several recording rain 


gauges have been established recently in this District, which, together with» 

od gauges already placed, have made possible | ‘the collection of valuable data. 
5 Recorpine Gave ES IN THE Boston ‘Metrorouitan District 


: he recording rain. gauges from w 


’ listed i in Table 2, together with three others which have not been particularly 


hich records have been obtained are 


helpful. At the time of these studies, the Newton gauge had not 


placed | in operation; the one at Lynn is more than 6 miles from the nearest __ 


As the Blue Hill ‘gauges are at such an elevation. above | sea level (Elevation - 
— 635) and also about 5 5 miles from the nearest gauge, these records will not 
4 = of much value until an intermediate gauge is established. _ ee, 
hia’ Handbuch der Ingenieurwissenschaften, IIl1 Wasserbau, IV Band, 4 Auflage, 22-24. 


t “Hydrology”, pp. 245-246 ; see, also, “The Ohio Water Problems”, by Cc. E Sherman, 
ulletin No. Coll. of Eng., ‘Univ. of Ohio, Columbus, Ohio. 


i and, therefore, the records" are not particularly helpful in this study. 
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INTENSE 
SLE 2. —RECORDING ‘RAIN GauGEs. IN THE E Bos’ 


‘Districr. 


mean sea level, 


_| Approximate 


m. 


Diameter 


Towp Engineer, 
Brookline 
US. Weather 
Bureau 
Boston Sewer 


llecting ri 
in inches, 


—— 


in feet. 


Approximate 
elevation of 
gauge above 
distance above 

round, in feet. 


co: 


Brookline: Town Hall (roof). 
City proper: Post Office Marvin 
Bull ing (roof) (weighing) 
_ City proper: Albany Street | | Fergusson (old 
4 (roof) style) 
East Boston: East Eagle} | Fergusson (old 


*.. 


Service 
Boston Sewer 


Service 


way, 


Street (roof of stable).....|7 style) 1 
Dorchester: Gibson Street Fergusson (old ia 94 5 
(roof of stable) style) Ti Service 


— Sewer 
ervice 
Moon Island: Boston Fergusson (old Boston Sewer 
(shop roof, Metropolitan FitzGerald District Com- | 
Cambridge: City Hall) ) Fergusson (old 
(Guaranty Trust Com- ‘style) . City Engineer 
round, Brookline Friez. tipping: 


Boston 


orks ‘Pumping bucket py 


Brookline 


Milton: Blue Hill Meteoro- idsiteie got Blue Hill Meteo- 


rolo ical Observ- 
logical Observatory*...... 


Engineer 


Newton: City Hallt. 


Not in lace 


* Records not particularly helpful until intermediate grapes} have been established. 
+No records obtained. 


With the exception of the Blue Hill gauges: are within 10 


In order to derive information of v 
intensity from these gauge records, it is essential of “inten: 


oe sity of a storm ‘must pass, not only through the area served by Abel gauges, 
= but, also, 1 near the center of the area measures of the decrease in 


ws pass near the Brookline Town Hall or the Street 
= gauges. Prior to 1918, when the Brookline Town Hall gauge ‘was installed 


there wa was not a sufficient number of gauges in operation to produce records 
of v value for these studies. edd Sot 


Recorps or SToRMS FROM WHICH Iyrormation Been Osraine 


ay 
% The records of all storms from 1918 to 1999, inclusive, in which, intensities 


— to or greater than 0.70 in. per hour for a * pebiga’’ of 15 ‘min. were 
recorded, have been examined. Those storms have been selected for which 


_ ‘records are available from al or nearly all the gauges, ‘in order to s se 
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DISTRIBUTION OF INTENSE ‘RAINFALL 


basis for a study of the distribution of rainfall. The of such 
“storms: for which records were is ‘rather small, because in 


and an tabulation has been (Table 3), 
ing t the amount and rate of precipitation during certain significant periods 
of each storm. Where ‘the time on the charts was known to be in error, it 


“has been corrected | so as to make the records, as nearly as possible, synchro- 
Storm of July 9, 1921. storm of J uly 9, 1921, from which all the 
‘more valuable records were obtained, produced unusual rainfall intensities. 
The storm, which was of the thunder- storm type, caused extensive damage a 
n flooding in Be Boston and vicinity. During ; this storm, both t the Post Office 
gauge and the Cambridge gauge recorded the greatest amounts for 24 hours 
on record. at these stations, as follows: Post Office gauge (U. S. Weather 
Bureau), 6.04 in, and the ‘Cambridge City, Hall gauge, 6. 15 Ai 


Fortunately, for the purposes of this study, the recording» rain ‘gauges 


caught some of the downpours which were so located as to be of value. If q 


the area served by gauges: had been greater, perhaps other intensities would 


“have been recorded greater - than those given s subsequently. = 


* Accuracy of Records. —Most of the recording rain- gauge ‘collectors are 


the roofs _of buildings. The Post Office gauge W eather Bureau) 


. and the Cambridge gauge are on buildings having flat roofs and parapet walls. 
The Boston Sewer Service gauges are not so well protected 1 from wind, and — 


collectors are connected to the weighing mechanism in. n. rubber pres: 


after the beginning g of the storm to ensure the thorough wett ting - of the in- 
side of the hose or pipe, thus reducing the time for the transmission 


of the rai rain from: the ¢ collector to the weighing can. The Brookline Town Hall 
- gauge is on the roof ‘and doubtless i is affected 1 to some extent because of lack 


wind protection. 


criticized to some ‘extent, the cinditions. are probably as good as can be 
= | The records are also subject to errors due to the personal equation of the 


attendants. A larger number of records would have been obtained 


gauges ‘could have received the careful and intelligent : supervision, given 
some of them. — Charts were discarded if there was doubt about the accuracy ae 
rainfall: recorded, or the time of the chart, or any other important = 


feature. this manner, the records of at number of important storms were lost. 


_A comparison of the total rainfall recorded by each of. the ‘gauges for 


number of storms, however, showed no evidence tending to diseredit the records 


of any 0 one gauge. 4 Although | it is recognized that the records used are subject _ 
= to errors of various kinds, it is believed that these errors are not’ sufficient — = 24 


effect seriously the results or to of tentative conclusions 
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Method of Analysis. —In studies of rainfe ne and run-off for storm-water | 


rain design, the period of duration of rain, or the period of f concentration 
‘of run- off, is seldom less than 15 min., or more than 60 min. 
Analyses" of these rainfall records therefore, have been limited to periods 
15, 30, 45, and 60 mii min. Even for 60 min., only two « cases were found in 


which the distribution | of the intense rates could be sai satisfactorily studied, 
because the area covered. by the downpour wes larger or different from that 


Bia In analyzing the records. for each storm, a table was prepared showing 
the precipitation which accumulated in a number of successive 15, 380, 45, 
60-min. periods, each gauge period being synchronous with the other com- 


"parable gauge periods. From these, a selection was made of those periods 
showing the highest intensity at the: Brookline Town Hall or Albany Street 
gauges. These periods are shown in Table 3, together with the 


precipitation and rate of precipitation ‘for each station. 


a The approximate distribution of the intensities _was obtained by 


‘a the: rates of precipitation on a a base plan, showing “the geographical location 
of the several rain- gauge stations. Lines of equal ‘rainfall intensity, or 
B isodyhyetals, 1 were then plotted ‘proportionately | between the stations in much 
the ‘Same manner that topographical contours are plotted from stadia survey 


elevations, The resulting drawings considerably reduced are shown in 


lusive, 
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w hich closed isodyhyetals not be because of 
insufficient data, were discarded. The enclosed by | each line deier- 


mined by planimeter, and the area and : average de pth of "precipitation over that | 
area were computed. Table 4 4, Column 5). The a ave erage depth of precipi- 
tation over e@ 


ratio of the average rate of recipitation over area to the 
Pp 


maximum rate is given in Table 4, Column 8. . Although there appear » r to be 
definite relations between the average 1 rate of precipitation | and the maximum 


, © for given areas, other factors suc th as the frequency of 0 occurrence > of the down- 
‘pour and its duration complic: ate these x relations and make it impossible to 
show a comparison by a ‘single curve or formula as that of | Friihling, 


referred to previously. Furthermore, the method of comparison given -sub- 
sequently seems offer a more practical method of using the data. The 


‘ratios are given in Table 4, in order to aid i in n further studies of | this kind. ‘- = 
Comparisons « of the average ‘rates of. precipitation (Table 4, 5,) 


wn by the 38-year records of the 
re Hill ‘recording rain gauge, hema by Mr. Harrison ‘Eddy, and herein i in- 


 serted as Table 5. The estimated frequency thus. obtained is of assistance 
a in interpreting ‘the variations in area covered by downpours of the “same in 


ABLE 5. —Co- -ORDINATES- or Curves or Various FREQUENCIES, 


TO THE CHESTNUT HILL Recorps, Trrty- -EIGHT 
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_ ‘The area served by the recording rain gauges in the Soeten: District is 
not sufficiently large to furnish information on the location and character — 


ted in the preceding ‘That such ‘other downpours occurred at 


times, is evidenced in Figs. 6 and 8, Plate I, which show isodyhyetals for the ‘a 
periods of 30 and 45n min. shay 50 to 8: #20 1 P. M., and 7 450 to 8: :30 P. M., , Tespect- 4 “4a 
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quia RAINFALL DATA 

AVERAGE INTENSITY OF PRECIPITATION 
COVERED AND ESTIMATED” 


FREQUENCY OF OCCURRENCE 
: DURATION 45 MINUTES 


= 


equenc 
Estimated—Fre: Approximately 23|Years- 


quency Approxi 


Average Intensity in Inches per Hour a 


includes the first. 1 The maximum intensity in n each case 

recorded at the Brookline ‘Town Hall gauge. ‘For both periods the: East 

_ Eagle Street gauge recorded higher intensities than the adjoining gauges, a 


which indicates that there may have an intense its maxi- 


mated Frequency 4 Years 


AVERAGE INTENSITY OF PRECIPITATION 
COVERED AND ESTIMATED 
FREQUENCY OF OCCURRENCE 
DURATION 60 MINUTES | 
‘The facts. presented i in ‘this ‘paper r indicate that the more intense the storm oe 


greater usually will be area covered by a given intensity, and the. area 
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a in! The diagrams presented show that, during e excessive e downpours, rain does = 


fall with uniform intensity considerable area, and that OWE 


rate of ‘precipitation over drainage areas, of, say, 500 acres and isody 


is appreciably jess than the maximum rate indicated by one gauge. the 
‘odd ‘The records from which these diagrams: have been ‘made are too few to amou 


4) Warrant more than tentative conclusions on the probable” area that ma may bef show 


— by a precipitation of given intensity, duration, and : frequency of oc 


_ currence. . The results, however, are of interest and value as an aid to judg. TAR 


ment, , and they will be discussed in detail subsequently, The following data 


Loc 
records, are purposes of. comparison. 2 
Recorpina Raw w Nev EW y ORLE ANS, 
oo - Data on n the recording rain gauges at New Orleans fr om which records have pe " 
been obtained are given in Table 6. All these gauges are within | a radius of § — 
& 
32 miles of the City ‘Hall. In order to derive information of value on th 


distribution of rainfall intensity from these gauge records, the center of 
intensity a storm must have passed near the City Hall gauge. 


From. 


Recorpine Rar GaucEs IN New Orteans, L 4.8 
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Recoxp DS OF STORMS FROM W HICH Marion Has — OBTAINED 


f the four a of sven from 1907 to 1920, only one could be used, 


owing to the fact that some of ‘the gauges were out of order and closed 


isody etal could not we drawn. this « on storm 9, all 
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TABLE FOR STORM OF APRIL 
19 1920, AT ‘La A., AS BY Raw Gaucrs. s. 


of Gauges, and Rate of Precipitation 
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Inches per hour, 
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A 1 cases, the records of automatic gauges were corrected by the stick | 
poe which is assumed to. give the correct total rainfall. If ‘the ‘automatic 


gauge was high or. low, a percentage correction was made > proportionately — 


through the ‘period covered by the e stick measurement. wee eS ta 


Methods of Analysis. -—In analyzing these chart the method 


the same as that followed for the Boston n records. The isodyhyetals are shown 

in Figs. 5 to 10. method used in computing the average depth of 
‘Gpitation over the area covered by the ‘gauges wa was the same | as that described 
for the Boston records. The average rate of precipitation, the area covered 


at this rate, both i Im acres: and i In square miles, the maximum ‘rate of precipita- . 


tion, and the eis of the average rate to the maximum rate 2 are ‘shown in 


4 comparison of the a average rates of precipitation for durations of 15, 
80, 45, and 60 min., respectively, and the area covered is in ] 


‘The frequency New Orleans downpours as shown on Fig. 


‘estimated from curves* prepared in 1918 by EP. Burke, ‘Assoc. 
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similar methods of computation were used for the storm 


& 


7 at Cambridge, Ohio, referred to previously. The average rate of precipitation, 


the area covered, in acres and in square miles, at_ this rate, the maximum 
— of precipitation, and the ratio of the average rate to the maximum rate, 


are shown i in Table 9. ‘The comparison | of the average rate of 


TABLE Av ERAGE S OF PRECIPITATION AND AREAS 


_COVERED, UA IBRIDGE, | H10. a 


Average rate Ares |. Maximum Ratio: 
of precipita- covered, covered, in | Average rate 


tion, in inches | square tor maximum 
per hour. inacres. | | 


\ 


The data from the storm of J uly 16, 1914, at Cambridge, , Ohio, although 


obtained i in manner different from that used fc for the other records, i is of 
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interest because of the vent intensity for a a duration of 90 min. and the great 

2 areas covered. a ‘ew storms of equal or greater intensity and duration have 

been recorded in ‘the United “States. or Group. 3 Stations, in which Cam- 

bridge, Ohio, would be classified, er® proposes the 

of precipitation occurring once in 100 years, in which t is the ‘period 

of duration, in minutes. For 90-min. duration, the rate of precipitation 

would then. be 2.23 in. per hour. This formula was based « on the records 

2 of 317 station- “years. = On this basis, an average rate of precipitation of 4.73 


in. per hour for 90 ‘min., as recorded at Cambridge, Ohio, on on July 16, in | 


may be expected to have a much greater than 100 years and, per-_ 


The ew curves obtained from the New Orleans records, I Fig. 11 11, are very much 


higher in intensity for corresponding degrees of frequency than the 


4 


curves, Figs. 2, 3, 4, , and 5, but the curve for ‘Cambridge, Ohio, Fig. 12, is 


much higher would be indicated the data from either Boston or 


Ee New Orleans . The intensity of rainfall at New Orleans | is known to be more 
4 "severe than that at Boston for , given “periods of duration and frequency, | , be 
cause of conditions incident to the difference in | geographical location. - This 


is 


nerease in intensity is accompanied by an inerease in in the area covered by 
a downpour of given average intensity and duration. — ‘There is some “indi- 


cation that the New Orleans and Boston curves referred to, might be fairly 


For example, on Fis ig. is shown a cu a curve marked, “Estimated Frequency, 
Approximately 1 year, 15-M -Minute Duration The maximum intensity 
corded for this’ downpour, b, is given in ‘Table 7 as 2. 80 in. per hour (City 
“Hall gauge). On the basis of the Chestnut Hill data (Table 5), such an 

__ intensity for | a duration of 15 min. is estimated to have a frequency of ap- 

_ proximately ‘5 years, This New Orleans curve is shown asa dotted line a 

Boston diagram, Fig. and marked “New Orleans—Estimated quive- 
lent Frequency, 5 Years.” The points marked “6” and 7”, respectively, refer 

to Boston downpours estimated to have a frequency of approximately 3 3 years 
Similarly, the New Orleans curve, F 11, marked “Estimated Frequency 
Approximately 1- ears—30- Minute Duration”, , has been p | dottel 


Tin, on the Boston diagram, ‘Fig. 2: and marked ‘ ‘New. Orleans— 


In like “manner, the N ew Orleans curve, ve, marked Bstimatel 
Frequency: Approximately | 5 Years—15- Minute Duration”, 


‘The Cambridge, Ohio, storm is of f high intensity and the 
eet rm, Fig. 12, can only be compared with the other curves in a sa way: 
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Boston curves. On the basis of the Chestnut Hill frequencies, they y are ap- 
proximately « ‘comparable. 7a such a relation could be established, with ¢ ample — 7 


data. for a foundation , it would add considerably to the information available 
for use in Boston and other comparable districts. | probability. of obtain-— 


ing sufficient records in Boston for frequencies of 15 years, or greater, with = 


the number of gauges now in use, is doubtful, but if it sl should prove possible 

to use New Orleans records properly | translated i in terms of Chestnut Hill” 

frequencies, the deficiency i in the Boston records could thereby be be up. 


are 


PRACTICAL Uss or Data 


Hid As stated previously, it is not intended to aa final conclusions from so = 


few measurements. It is of however, to study a a method for 


4 On Figs. 2, 3, and 4, lines have been interpolated, showing g the dulce 


average intensity of precipitation and area for an estimated frequency of oc- 
currence of 10 years, From these, Table 10 has been compiled, the 


same relations for durations of 30, 45, and 60 min. 49 


TABLE 10. —Av ER: AGE INTENSITY OF Precipitation AND AREA CoveEreED, 


Boston, Mass. Estimatep Frequency or OccuRRENCE, 10 
curves. Duration, 30 Min. Duration, 45 Min. Dvnarioy, 60 Max, 
Area, in of precipitation, ix Area, in of precipitation, of precipitation, 
ininches per | acres. in inches per . | ininches per 


line on 

dotta 


nated 
sion be selected as one of the first steps in the Rational ‘Method, i is generally 


i derived from the records of a single rain gauge. Its use, therefore, may in- 
volve an error due to the fact previously demonstrated, that, during excessive 
downpours, rain does not fall eek calle intensity | over areas of several 
hundred acres and larger, and that the average intensity of precipitation 


over such is less than the maximum intensity indicated by 
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Although the records as obtained huge do not always record 
: ay the peak of the storm, they do represent the frequency with which given Oe oe 
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‘tensities have at the gauge. rainfall intensity « eurve that is 

compiled from records covering a considerable p period is probably influenced 

to a greater extent. by ‘the storm peaks than would be the case if the record 

i The | variation in intensity is well illustrated by Table 10, which shows 

q that for areas of 1000 acres’ and larger, and more particularly with the shorter 


; a durations, the average intensity i is somewhat less than the maximum intensity. 
_ shi For the 30-min. duration, the difference between the maximum intensity 


(average intensity at zero area) and the average intensity of precipitation for 


; an area of 1 000 acres is s only 0.22 in. per hour, which i is less than 9 per cent. 

Similarly, for the 45-min. duration, difference is. TAG and for the 60-1 -min. 
duration, the difference i is 5 per cent. Such differences as these : are too small 
to consider, in of lies errors ‘involved all rainfall studies. With 
a *=4 larger areas the difference becomes greater and may be taken into account. If 
¥ such a reduction is to be made, tables. or diagrams can be prepared to facili- 
— With long narrow drainage a areas, tn flow in the sewers is affected con- 

siderably by the direction of “movement of a storm. Such a condition is 

_ described by Mr. Horner i in referring to the storm of August 24, 1918, at St. 
mentioned previously. The storm n moved the direction of “flow 
through the | sewer mains and at about the same causing a greater 


flow in the sewers than might h have been the case | had the path of the storm 


Pa 


been at right angles to the general direction of ‘the ‘sewer system. In using 


FA 
the average intensity of precipitation in design, it is assumed in every case, 


th the ¢ average intensity of precipitation occurs over » the whole tributary 
area regardless of its shape, thereby approximating the e condition that will 


give: the greatest run-off for the assumed intensity, duration, and frequency, 
introducing a greater factor of be case if, 


tables’ in this paper present definite facts « on the relation 
ine between intensity of rainfall and areas covered for excessive rates 0 of precipi- 


dice 
tation with varying “periods of duration and degrees frequency. These 
data are ‘not sufficiently comprehensive to warrant final conclusions. They 


may serve, however, as an aid to judgment, if proper reservations are kept 
in mind. Iti is hoped that the ‘presentation of these facts with t the accompany: 

ing” may stimulate the making of further measurements, ‘not “only 
in Boston, but in such cities: as New Orleans, St. . Louis, Washington, D. ¢, 


and New York, v where a fair beginning has already been made i in est: ‘establishing 


=. 


a recording rain gauges. Records - from New Orleans would be particularly 5 


‘helpful, because of the frequency of intense storms and the probability of 
. See data that would be of value elsewhere. | Excessive rain storms hav- 


ings a frequency of 5 years or greater, 2 and durations of 15 to 120 min., are of 


_ Information is needed in order determine the effect on the records 
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| A comparison of the New Orleans: and Boston data indicates the ‘possibility = 
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above the surface of the ground. . It j is believed at present, “that the height of 
the eollector sad lack of wind wane, has less effect on the records of exces- 


ihe wind may act 1 more_ effectively 0 ‘the 1 rain- n-drops, tending to 
past the collector. During ‘excessive downpours, the rain-drops” fall more 
fundamental assumption of the Rational Method of design is ‘that 
the rate of ‘precipitation is uniform throughout the tributary area under con- 
sideration. The data presented herein indicate that, for tributary 
the size 0 or dinarily considered i in the design of storm- ‘water drs ains, the variation | an 
in the rate of precipitation | ‘within the area is so small that the fundamental 
assumption of a uniform rate (Rational Method) appears to be justified. = 
‘These data also indicate that ‘it may be practical with very pm tributary | 
areas to make ¢ a ‘reduction in the intensity curve, which is s ordinarily om - 
7 


on the duration of the storm irrespective of the area covered by it, Se 


of using observations on ‘the distribution of intense rainfall at New Orleans — . 
in studies for Boston, or other comparable districts, by properly translating > 
the estimated frequencies of occurrence of given intensities and durations. | 
Similarly, it is possible that records from other cities may ay be compared. 
this tentative conclusion is ‘the practical value of the 


Attention is directed to the paucity of information on the run- “off from 
generally been ‘serious ‘difficulties, a1 and the results” have ‘not’ = 


Ab The values that oe be allowed for inlet time, , need to be substantiated 


by additional al observations. Engineers are ‘ealled « on more and more, to ) design 


and sewers to relieve flooding from storm: water, particularly in the 


densely built-up sections of the larger cities. 
of property owners are increasing, and these demands require n more careful 
design of the necessary drainage structures. Be aid judgment in meeting these 
Problems, efforts are being made and should be be in order to to increase 
The chart records of the several g gauges were were supplied the writer by officials - 
in charge, and other assistance was rendered. For this help, the writer’s 
- appreciation i is due : in particular to Henry A. V. arney, M. Am. Soc. C. E., — 
Town Engineer, Brookline, ~Mass.; Lewis M. Hastings, City 
_ bridge, Mass.; Edgar S. Dorr, M. ey Soe. C. E., Office Engineer, Public Works 
4 Department, Frederick A. Lovejoy, Engineer of Design, and William F. Hughes — 
the Sewer Service, Public Works Department, Boston, Mass.; ; William E. 
| Foss, M . Am. Soe. C. E., Director and Chief Engineer, Samuel E. Killam, 
Superintendent of Distribution Section, and William E. Whittaker, "Chief 
Water Division, ‘Metropolitan District | Commission; William Ven- 


City E Engineer, Lynn, Mass; Lewis A. Wells, Chief Observer, Blue 


= to ‘alte such information from ‘lange areas, but ‘the efforts have 4 


Hill Meteorological Observatory, ‘Milton, Mass. ; ‘Charles: F. ‘Marvin, Chief 


Papers 
hat is 
1enced 
record 

shows § 
shorter 
ensity, 
ensity | 
on for 

r cent. & 

0-min. 
small 
With 
int. If 
facili- 

1 con- 
ion is 
at St. 7 
reater 

storm 
using 
nency, a 
ase if 

lation 

eclpl- 

These 7 
‘They 
= 
kept 
| 
pany- 

= 
only 

0.0, 
shing 
alarly 

ty of 

hav- 
ds of 

4 


DISTRIBUTION OF INTENSE RAINFALL 


— Smith, Meteorologist, U.S. Weather Bureau; and George G. Ear 


a Am. Soe. 0. E., Gener al Superintendent and Chie of Engineer, and Alfred 
. Theard, M. Am. Soe. C. E., Principal Assistant Engineer, Sewerage and 
a ater Board, New Orleans, La. The writer is also under obligations to his 


partners, ‘Leonard Metcalf, Harri ison Eddy, Charles ‘Sherman, wal 


_ Almon L. Fales, Members, Am. Soc. C. E., and to the members of the staff of | 


firm of Metcalf and Eddy, particularly Mr. Scott 1 Keith, for valuable 
Beebe: in carrying on the investigations and in preparing the paper. 7 
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THE DISINTEGR ATION OF CE 


Messrs. Joun Step HE N J. A. Kirrs, anp Wituiam G. Arwoop | 


Joun STerHen Sew ELL,¢ M. Am. Soo. ©. E. (by letter). Every one 
“interested in the use of cement concrete ld feel indebted to the authors 
for having assembled so much accurate and reliable information _seattered 


‘such a variety of publications and over such a length ‘of time. 
By reading the paper, and the discussions thereon, the conclusion is inevi- 


table that present- “day cements, when exposed to sea water or to o water ¢ contain- 
alkali, are in serious danger of disintegration. conclusion seems also 


“that practical methods of curing the ‘troubles are at least indicated, “it not 
“perfected. view of the importance of the question from the standpoint 
the integrity and permanence of invested capital, it is to be hoped that th Bc 
work ¢ of the Committee on Marine ‘Piling Investigations may be carried for- — 

ward without interruption to o final conclusion. 
discussions indicate a belief on the part “competent 
that with sufficient precaution i in the selection of material, m making, and 
placing of the concrete, present standard cements will give reliable and s ae 

: factory results. _ After reading what is said by those engineers who believe that 
present ¢ cements can be made to give satisfactory results i in sea . water, and in 
alkaline water, the writer aimee that there are too. many ‘precautions | to be 
observed. One of the things that has made the United States great and rich has © 
‘deen the success s with which Americans have | e multiplied man power, and have 


‘designed structures and prepared materials so that the minimum of skill and ; 


“Tabor is everywhere the work of erection and installation. If there 

view of the that a of in the form of making 


7 cement itself, chemically immune, is plainly indicated, iti is the of 


Discussion on the paper by William G. Atwood a Members, 


-E,, continead from December, Proceedings. 


Pres., Alabama Marble Co., Birmingham, Ala. 
the duly 2, 1923. 
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DB _ piscu SSION ON DISINTEG RA TION OF CEMENT IN SEA WATER 


Kirrts,* Assoc. M. Am. Soc. E. (by letter) 4+—In making a study 


of the action ak: sea water on cement concrete, it is important that observations 


. be made to distinguish between mechanical disintegration of the conerete, and 


chemical of the cement, determining ‘the relative measure of 
nal is the writer’s observation that, generally, the Shatatammmatiots of American, 
‘ethiide rd Portland cement concrete in sea water is due to to :@)1 lack of cement; 


excess: of ‘minute, otherwise unsuitable, fine aggregates (3) coarse 


agaregate ts porous, s soft, or otherwise unsuitable rock, , having its maximum 
size limited to an unwar ranted extent a) excessive mixing w water er; and (5) 


a lack of constant moisture ir in curing. r" All these conditions in increase the per- 


No doubt, one cement may have more resistance to the chemical action a 


sea water than another. Howey er, tests such those under the diree- 

tion of H. Burchartz,4 in 1 which arbitrary proportions of 1:2:6 and 1:4 :10, 
a are used, are not safe criteria by which to judge whether enna would be 
suitable for use im: ‘sea if the concrete were properly proportioned. ‘Under 


4 certain conditions the 1:2:6 mixture may be ‘ideal. 2 ‘The 24:10 mixture, 

. however, will certainly be permeable. proqatt sili bo cul. 
to be a that the more permeable concrete 
-and mechanical reduction i in sea , 


‘Impermeable ¢ eonerete may be obtained by observing the following | precat 


tions: selection of impermeable ‘aggregates; of a. dense, 
4 ‘coarse aggregate by grading to the maximum size which may be used; (3) 


reduction of v oids the coarse aggregate by adding a proper proportion of 
+i 

graded fine aggregate (an « excess wi ill increase the voids) 3 (4) u us se (as. a mini- 

-mum) of a volume of cement equal to the volume of voids in the mixed 


aggregate; (5) u use of the minimum ‘quantity of tempering water necessary to 


secure a plastic mixture or the initial flowing consistency | an excess will 
or. increase the voids) ; and (6) the curing process conducted under continuously 
moist and t 
very fine ‘sand should not, be used in sea concrete. 
mating the size of the cement are merely an and decrease the 


_ The disagreement of the ‘results ‘of the v various by 


properties: of the aggregate mixtures in 


woe 


the various types of have been used, and the ratio of cement to 


fate The following notes, covering: a special study of concrete for sea w water, 


may 1 be of interest : In 1914, the writer hesesnadl tests of available aggregates to 


determine the most ‘suitable “mixture for use in armoring the Colon Harbor 
‘Panama Canal. The only objects in these tests were to secure at 


ees. * Field Engr., Am. Steel & Wire Co., San Francisco, Calif. meee 
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concrete. a result, the proportinning was fixed : as 1 cement 


The | cement was. a standard brand used throughout the Canal 


processes. It had ‘the characteristics (from: memory) : 


Bats Size by to 6 in. in diameter; largely 


eeee eee 


vt 
Soundness . . Particles hard and tough. at 


The maximum porosity found in any laboratory ‘was 21% of voids, and the 


‘ani 


ratio of cement to voids in the aggreg gate varied, therefore, from 1. 01 to 1.39. 7 


Ff 


Tests of this aggregate were also made by Lo Sabin, M. Am. Soe. C. E. ba 
Although the mixture was unusually | rich in cement in comparison with that 


“used for. mass_ concrete elsewhere on the Canal project, 


i’ 


“gravel without ‘screening or re- -combining processes and ‘the handling of one. 


? aggregate instead of two, effected an « economy comparable with. the excess cost 


of the cement. ‘The tests are a matter of record, and the concrete masses, 


vying in ‘size ‘from Leu. m. to 25 have been subjected to wave action 


Rousseau, 0. E. S.N.M “km, Boe. ©. E., as Division of 


Tt is hoped that the authors: will supplement this valuable pa paper with the 
ILLIAM G. and A. A. Jounson. +) Am. Soc. E. (by 


- letter) +—The writers haye been much gratified by the interest shown in their 
- paper and appreciate the addition to the knowledge of the subject which these 2 


yet et 


agreement. with which their ideas and conclusions have been received. oes 


E: a It was impossible, within » the limits s of the paper, to consider the ‘economic. 


of. the question of disintegration suggested by Mr. Nathan 0. Tohnson.§ 


Some « concrete structures inay disintegrate and still: fully serve the purpose 


which they were constructed, since obsolescence or other cause may make 


unnecessary for a structure to endure for more ‘than a comparatively few 


in order to. fulfill. its p purpose. Generally, concrete structures. are 


| 4 discussions furnish. It is especially gratify ing to note ‘the almost universal 


= * Director, Committee on Marine Piling rem National Research Council, New 
+ Asst. to Director, Committee on ‘Marine Piling Inve i 


Council, New York, N. Y. 
Received by the December 6, bet to. of T 
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intended to be although, actually, this term is relative and not 
~ absolute, and any disintegration, ‘especially if it is progressive, is of extreme 
as it will cause either heavy maintenance charges 0 or failure, | or 
both, before the expiration of the expected life of the structure. got 
“The report of the Institution | of Civil Engineers of 1920 with Taterin 


4 Reports of ape and 1922, mentioned by Mr. Moyer, ° ‘indeed offers much ‘valuable 


on Marine Piling a was made of the avail- 
; _ able construction data i in the foregoing three reports, as well as in the reports 


: . submitted d to the International Navigation Congress i in 1908, 1912, and 1923, 


= and in reports 3 from other foreign s sources. Following | this study, all structures 
built before 19 1912, for which | reasonably definite construction data were | avail- 
=. able, were listed. Thirty such structures were found, of which the oldest was 


in 1855, and twenty- ‘four since 1880. the thir structures inspected, 


Of the thirteen which showed no disintegration, one | had : a heavy granite facing 
Lf 
4 ‘and four contained admixtures of trass or pozzuolana. | Eight sound structures 


in thirty i is not an especially good record for a “permanent” material. — P 


LIT 


ee __ Service records of structures in the coastal harbors of | the United. States 
‘Ga been assembled in the same manner ; : in this latter c case, structures of more 


. recent date have been included i in order that the records of their construction 


might be available for future investigators. _ - For commercial and other reasons, 


‘it has been impossible to secure a list of structures that was at a complete. 
d 


Including only those structures for which could be secured reasonably complete. 
construction and recent inspection data that the owners were willing to have 


Constructed 1856.... structure . . Good condition. ai 
1880-89... structures. good, one deteriorated. i 


CUS 


. Six good, eight deteriorated. 


true that. this includes only a small. number of structures, but 


3 they are located from Maine to Puget Sound, and although the construction 

a records in a few cases show probable causes of deterioration other than chemical 


The reports of the San Francisco ‘Bay Marine Piling ‘Committee of 1920, 

— ‘and 1922, contain a number of tables and much valuable information on 


e | this subject. ‘One table gives a record of 5198 reinforced cylinder supports in 
a, «12 structures built between 1909 and 1918, of which 457 had ‘required repairs 


before 1922. - These cylinders were cast in place in open caissons which had 


4 ar ‘Three e structures in which reinforced piles were used, are repo orted 3 in detail. 


a The first of these, constructed in | 1911, contained 135 piles of which 41, in 


1m. Soc. C. , November, 1923, Pp. 
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2, showed cracks 0 over the reinforcement above high water ; the second, con 


the third, ‘built in 1 1915, of were e badly, and 215 


‘slightly, cracked in the same location. Ave no. 


Several: discussions* notably those | of Messrs. Flinn, ‘Wiggin, ‘Allen, 
Riedel, emphasize the need for a cement that will not disintegrate under attack 


—. 


by sulphate -bearing Ww ater in locations. other than i in ‘galt water, and in alkali 


districts, and this fact the for a a thorough 


Several of the structures mentioned by Gen. Blackt have 


since t the receipt of his discussion, under the direction of the officers of the 


Corps 3 of Engineers, with the following results: ? Repair work at Fort Marion, — 
Fla., was done i in 1886-87, all above high water. Beach sand, coquina gravel, 
European | Portland cement, in the proportion | of 1:4:6.5, and Rosendale 
cement, i in the proportion of 1: 2: 4, wee: used. ‘This work is still in good 


ai The pany at Fort Taylor is subject to wave action ; as well as exposure to salt 
water. It was built in 1856 using the F. O. Norton brand of Rosendale cement — 
‘crusher-run limestone i in the proportions of 1: ‘of the wall was 
destroyed by the hurricane of 1910, but the remainder i is sound. — The concrete 


‘is s soft, but no softer than the aggregate of which it is made. ay atu i ae 


rs A part of the groins have been buried in sand for many years, but those on 


Anastasia Island are still | exposed. bit Groin No. 1, built in 1889, has concrete 
"capping of blocks 3 about 2 to 2h by 5 by 6 i... A poor grade of beach sand and 
coquina gravel formed the agereg gate. About “nine- -tenths of the blocks were 
made of Anchor brand Portland cement in the proportions of 1:4:65;a SO, 
or- 
tions. Other blocks: were emade of ‘Rosendale coment ond, of the Hydraulic Lime 


Teil (France), in the proportions. 1: The conerete is somewhat 


deteriorated, but is all in fair condition, paises gh the records as to the | | 
location of the blocks made with the different cements cannot be found, the — 


q 
disintegration i is 80 uniform that there is no information as to the relative value - 


on Groin No. 4, built in 1890- 91, has rectangular blocks, 2.8 by 4 4 by 4 ft., made [= 


Saylor’s brand cement with the | same aggregates those previously - men- 
tioned, ‘in the proportions of 1:3 3 and 2 blocks have suffered 


reply to Mr. Wik iggin request, it should be said that, in the prepara- 


tion of the paper, all available information regarding Was con- 
“sidered, and it was the intention t to ‘respect all viewpoints. The conflicting 


. results of these German experiments were due i in part to ‘the. fact that the the tests _ 


oceedings, Am. Soc. C. E., 

Loc, cit. 
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ON DISINTE ATION OF CEMENT IN SEA W pe 


he 


of a low alumina content in cement to: salt water. “Many 
other investigators concur in this: opinion of Le Chatelier, but the | ‘opinion 


applies only | to. Portland cement in which the principal elements are 7 


von Professor White’s reply to his own questiont+ as to the reason for the —— 


disintegration within the tidal range than below low water, is believed to be 

correct. The concentration of ‘salts i in the pores or hair ‘cracks is undoubtedly 

4 

greater than that found below low water, where the normal salt content remains 

reasonably constant. It would be interesting ‘to. determine whether, 


Mr. Hiroi’s: tests§ are of the tendeney y of 
| ‘ie rtland cement not exposed to sea water to re 


if third to seventh year and the absence of this 1 recovery in salt water. ‘Ti is to be 

hoped that the remaining briquettes of this series were not lost i in the recent 

“earthquake and that the 50-year test may be completed. 

The error in the location of Aberthaw, pointed out by “Mr. Walker, || is 

acknowledged. The new specifications of the British Engineering ‘Standards 

- Association represent a a distinct advance over present practice in that there is 

officially recognized by this important body the fact that. binding materials: 

other than Portland cement are of ‘sufficient value to justify ‘the i issuance of a 

“specification. specifications, a as stated by Mr. W alker, limit the addi- 

¢ % and specify the methods of 
mixing and "They do not give any» 

determining the exact quantity of silica toh be added between ‘these rather wide 

The ‘method of protection for piles described by Mr. Cyklerf is a very. inter- 

¥ oe esting development; fortunately, it is being tested on a scale which will give 

ae ra ~ good. service records after the lapse of sufficient time. It is, 0 of course, appli- 


{ gs cable only to pre- -cast piles or other. similar members of a size sufficiently small 
ee to allow tank treatment. Tt would appear probable that the srasking of the 


* Proceedings, Am. Soc. C. E., p. 1655.00 

Proceedings, Am. Soc. C. E., October, 1923, p. 1762. 


ll Proceedings, Am. ‘Soe. ., November, 1923 1915. 
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— the consequent cracking are greater with rich than with lean concrete. Br: 
ee AEB, M. Jeannerett calls attention to one very important point often overlooked, ba 
that the chemical composition of the binding medium after setting is the 
important thing and not the composition of the cement itself, except in so far 
a a as it affects the former. The permeability tests reported are of importance, and ex 
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Bureaus of t the U. S. Department of 4 Agriculture, and the Portland Cement _ 
Association, have produced valuable information | with regard to mixtures 
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Papers. ] DISCUSSION ON [NTEGRATION OF IN SEA W! WATER 

concrete and of thi steel would result in a reduction. of strength, re it is 

claimed that the cementing strength of the asphalt ‘prevents: this. Moreover, 

it is contended 1 that this cracking h has been | practically eli eliminated by. a change 

in the methods of treatment ¢ during. the last few months. 


os Iti is ‘unfortunate 1 that experiments such as those indicated by Mr. J jewett 


have not been made. _ The experiments” which have been carried | on in the 
alkali districts by the U. S. Bureau of Standards, the Drainage and Highway 7 


although as yet they. do not seem to have “resulted ac ‘concrete which will 


resist attack over a considerable period. mot 


The writers are indebted to ‘Dr. Griint for calling their attention to the 


omission from the | paper of reference to the writings of Dr. are a = 
me Dr. Passow’s articles on blast-furnace slag cement and its ability to resist 
the attack of sulphate-bearing waters, which appeared | in ‘several issues of the 
T onindustriezeitung, in 1916, consulted, but were inadvertently omitted | 
from the Bibliography. As pointed out by Dr. Griin, this cement is ‘properly = 
classified with the pozzuolana- group and, when properly prepared, | enjoys all the 
advantages belonging t to that class of cements. 
Mr Newhallt suggests a cause for disintegration different from that pre 
| sented. by the writers. . It is entirely possible that carbon dioxide is an active - 
disintegrating agent | in | Spite of the fact that the calcium carbonate film has" 
been thought to give protection . The ‘experiments made by the Carnegie 
Institution of Washington at the Dry ' Tortugas Laboratory seem to indicate the 
probability that carbon dioxide i in sea water will dissolve lime. — This i is one » of 
the many phases of the ‘subject \ which 1 requires careful scientific study. per Tee 
The reports of the U. S. Geological Survey do not indicate that it ‘would be 
difficult to secure the materials for either the > high silica or high alumina 
cement. Volcanic ash, or pozzuolana, is found i in a number of locations in the 
Far West; blast-furnace slag is produced it in large ge quantities i in the Central and a 


Eastern areas; and diatomaceous earth is also found in both the East and the = 


West. _ ‘The ‘material from some if not all of these sources of supply will prob- 


May 


be. found to contain soluble silica. Bauxite deposits have been, 
being, wo worked in a number of the Southern States and’ may possibly exist else 


where. does not appear that Mr, Newhall’s fears insufficient quantity or 

The information contained in the discussion of Sejior de Castro§ is 


ingly valuable. ‘This statement by an engineer of of long” experience and one 
who has given the problem of construction i in salt water auch intelligent study, 


indicates clearly y the ‘requirements for a stable cement and how to obtain it. i 


Many of the attempts to use silicious admixtures have been made without deter- 


“mining the free lime content of the cement after setting and the percentage — 
of soluble silica in the ‘material: added; the ‘methods of : mixing, too, » have 


“frequently 1 not | been as thorough. as. s those recommended by Sefior de Castro 


Proceedings, Am. Soe C. E., November, 1923, p. 1920. 

Proceedings, Am. So 60. 
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Pape 


the added. will be noted ‘that Seiior de Castro. states ‘that the 


_ reverse is true if the proportions are correct and the pr proper method of mixing caid 

OA ‘number of interesting and important p apers on the general subject of deen 

crete disintegration in sea water were presented at the ‘meeting of the hart 
Navigation Congress i in London, England, in August, 1928, and 
] a brief review of the conclusions are thought to be of interest in so far as they one’ 
nly to the disintegration of and the corrosion of reinforcement. 


J. Principal Engineers of Roads and Bridges, give seve 


details. With regard to the binding m medium, they state, as follows: Be? + = 

“To avoid disaggregation due to the sea water, it was ‘necessary 1 that the 
i concrete be entirely free from free lime. Of the two methods of making clinker JB the 
- gement, that by the cold way consists in mixing with the finely powdered gran- & tha 


: ulated slag a rectifying powder of slaked and sifted lime mixed so that there tha 


mo neither - anhydrite 1 nor free base after crystallization, which is really § to 1 


“For fear that the mixing been. rigorously kept to proportions, or ‘sib! 
‘that i in spite of exact proportions, there existed a free base, that is to say, lime B 


in the hardened concrete, the concrete mixture received an excess of silicious re 


anhydrite i in the form of slag crushed and granulated. | 
ae ‘The slag, quickly cooled on leaving the blast furnace, acquires lisidaulising fin 


7 ‘properties, that is to say, the silica ‘which it contains is silicious anhydrite 
_ which combines when cold with the free lime to form with it lime silicates. J th: 


i “This: amounts then to adding to the mortar pozzuolanic, matters of which 9 th 
the good effect on the preservation of concrete exposed to ‘sea water is sufli- 


a matter of slag, finely rushed, cement 
7 with an insufficient proportion of lime. The cement which serves as binder 
for the concrete of the walls at Termonde, is, therefore, a 


“The choice of the slag a great importance ¢ on the setting and inchange- 
be ability of the crystallized ‘mass. Black slag is unsuitable for use, because “of ‘pi 
erie ‘the great proportion of metallic oxides . Reddish yellow slag is to be avoided, oe 
its hydraulizing properties being very weak. Clear yellow, pale yellow, or a 
bright yellow slag is also to be considered as unsuitable, its hydraulicity being * 
insufficient. The grayish-] blue slag is. the best, "because of its remarkable fi 

Dy “The setting of slag cement is generally very slow, slower than with slow # ; 

; “Bi The cost | of concrete made with this cement is said to have been 70 trem | on 
per cu. m., as s compared to 98 franes for equivalent conerete made with Port- 
In their report, Messrs. J. Ringers, Chief Engineer the “Rijkswater- 


staat”, and ©. Tellegen, Engineer of the -‘Rijkswaterstaat”, q quote from 
agree with the conclusions of Mr. ven Kuffeler presented in 1912. These 
Bs conclusions call attention to the necessity for tight forms and thorough mixing; 


they recommend that trass be used and that, Ww jerever the concrete 
ater. writers: 
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DISCUSSION ON ON DISINTEGRATION OF CEMENT IN SEA waren 


« 
conclusions which ‘recommend the v use of plastic as against 
rammed concrete ; the use of a rich mixture to increase impermeability i is also— _ 
said to be desirable, but attention is called to the fact that increase in the i 
‘cement content increases contraction and consequent cracking; further research __ 


is recommended with the view of determining which cements are best fo an 


harbor structures; the’ cover of 3. cm. . to 4 em. for reinforcement is recom- 
‘mended as the minimum for use with the rich mixtures customary in Holland. 


_ Sefior Manuel Maese, Engineer of the Port of Valencia, Spain, in his ort 7 


on the works in that port, states, in part, on sl | 


“The decomposition of the concrete in contact with the sea water occasions 
nasty accidents, more or kess serious. In Spain such cases have happened in > 
several ports; for example, in that of Vigo where the artificial blocks of xan 


enclosure wall of a mole have rapidly eer causing the destruction of - 


‘tle: question of the maintenance of concrete in maritime works. Some pha 
that the decomposition of this material must happen sooner or later; — 
that if suitably employed it merits complete confidence, but all are agreed as” 
to the need for the most minute precautions in the use of concrete, and espe-_ 
‘cially in that of not putting it into contact with sea water until as long as pos- 

— &To avoid as far as possible the decomposition of the concrete and facta 
in 1 the sea water, the cement will be mixed with about one-third of its weight of 
finely pulverized puzzolane, which will fix in a stable combination, owing to — 
the silica it contains, the hydrate of lime which the cement may contain and — 
‘that which setting frees, to which the ‘decomposition is attributed. Moreover, — _ 
‘the puzzolane, by reducing the voids in the concrete and mortar, renders these : 
‘More water-tight and i improves their conditions of subsistence in the sea. t, For 
the same reason, thick- grained sand only will be used (from 0.002 m.— 

0.006 m.), the quantity of grains exceeding 0.004 m. must be at least 40 p. ce F 
the whole, although its cost is high: 22 pesetas per cu. m. wil 
“The concrete used for the hollow blocks will be composed of 850° kg. of 
Portland cement and 120 kg. of puzzolane per 400 cu. decimeters of sais and 
_ 800 of crushed stone of from 0.01 m. to 0.10 m., and of which the volume of 304 


Pieces of 0.05 m. to 0.10 m., shall be double that of the small stone.” 
Sefior de Castro, of Roads, Canals, and Ports of Spain, describes 


failed i in fine years. In this case, the Portland cement “passed all 
tions a nd the blocks’ placed were seasoned for 90 days. 


=. near low-water level, ‘concrete in 19m 


of the substance which replaced the cement was as follows: ot asi 
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_ DISCUSSION ON DISINTEGRATION OF CEMENT IN SEA eee u bia 


te Mr. A. . Poulsen n, Chief Engineer of the Maritime Works of Denmark reports 
in detail: a series of tests of both mortar and concrete, commenced | in 1896, 


His summary of the results i is, as follows: turd od 

; tall a period of 20 years in slightly salt sea water. (4%), the mortar cube 
have become damaged; more so in sea water with higher percentage of salt 
—— GB to 34% of salt). The richest mortars are the most durable. The daily 
tidal change is remarkably damaging, and the more so because the frost cracks 
the mortar which is decomposed by the salt. The fine natural sand, although 
its mechanical resistance is a little inferior to the ‘normal sand’, does not 


§ Mr. Poulsen follows this with a statement as to the present | practice in 


Since 1910, owing to the unfavorable results of the dikes am ae west coast, 


eg after the results of the experiments named above, which were ‘already 

_ instructive after ten years, and which were published at the Fifth Congress of 

the International Association for Testing Materials (Copenhagen, 1909), the 
Direction of Maritime Works was of opinion that Portland cement for concrete 

sea_ water must be mixed with puzzolana. aad asia 
“We have used during a few years two kinds of The Rhenish 
_ ‘Trass, recognized for a Jong time as very proper for maritime works, and a 
- ‘quite new puzzolana, ‘the “Mo-Ler’ of Denmark, a diatomaceous earth, which is 
found in the islands west of Limfjord (Jutland N.), of v which I I had ad discovered 

“the excellent qualities: requisite for a puzzolana. 
ee qualities having been verified in practice for some years, we have 
ygahiad only the ‘Mo-Ler’ under the patented form of ‘Cement Mo-Ler’, manu- 

_ factured at the works of the ‘Aalborg’ Portland Cement Company. Of this, up 

to the present time, 15 000 tons (of 1000 kg.) for the dikes of Thyborén have 

been manufactured, and it has also been used during late years for the large 

N orth Sea ports which are in course of construction (e. g., , Hirtshals). Thanks 

to the plasticity of the ‘Mo-Ler’ mortar, ordinary concrete caissons have been 

: made. of it for placing below the level of the sea, instead of making these cals 
sons as they were projected of Kinniple concrete (7. e., waste stone set in 
os without sand), a rather good method, but more expensive. At Thy- i 


boron, we have also made some reinforced concrete with Mo-Ler Cement.” __ 


Bi! 75 Inspector | General of Roads and Bridges of France, ‘reports the 
construction: of two identical quays of reinforced concrete at ‘Port- -en- Bessin, 


8 one with Portland cement and the other with ciment fondu. _ These structures 
will yield in time: valuable: information as to the comparative value of ‘these 
soft Two lines of ered to prevent the co corrosion of reinforcement are ‘evident in 
these papers, one tl the attempt by the use of silicious admixtures or rich con: 
-eretes to ) obtain an an impervious material, , the other by the development of 7 

metal for reinforcement which will not corrode. . The exhaustive experiments 
ae res carried on under the direction of the Institution of Civil Engineers are 
described ina report by Sir Robert Hadfield. 
nae” There i is no uncertainty in the minds of the writers as to the: necessity for 
a. thorough study of Portland cement from the time the material is ; quarried 


“= ss the conerete i is in the forms, | and especially regarding t the methods of 
manufacture. The fact that some of the built with Nate 
ts”, or Portland cement : made by p processes which have become obeo- 


e ot ther structures of mote 
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hous The | Alca” cement. has 1 not had tafllcient use as yet to a positive 
g 
es not conclusion as to its value for replacing Portland cement under pri proper condi- 
Ji mo | tions, but the greater part of the evidence indicates | that it will probably be a 
Shit = T here s seems to be no more rea: reason why different cements should not be used. 
a | than n that different timbers or different — 4 
+] 
lready “steels should not be “specified to. fit which they are to to be 
ress of used. it also seems probable that the development of cements that will resist 
sulphate. attack will result in decreasing the cost of structures just as nickel 
nerete 
on steel used in tension members of large bridges has reduced the cost of those 7 : 
henish structures. The use of such cements may also make unnecessary some of the 7 
and a precautions now required in the application of Portland cement in structures 
ich is which h must withstand the attack of sul hate- bearing water. Layer 
a ins In view of the importance of this subject, as indicated by these Pelle , ie 
ei aa by personal requests for further information, it is hoped that the 2 proposed es a 
manu- investigation may have the enthusiastic support of the profession, 
ts the 
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_ DISCUSSION ON DISINTEGRATION OF CEMENT IN SEA 


recent date, raises ‘the question as. to whether there has 
improvement in the durability of the product in the last forty years. _ At } ee 
- ¥ rom all the evidence at hand, there appears to be no question as t 


value of the addition of proper : silicious materials in ‘the correct Dp portions, — 


to Portland cement which is to be e: exposed to the attack of. sulphate- heel a 
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IMPROVED TYPE OF MULTIPLE -ARCH iD S 

Messrs. R. McC. Beanrievp, Laurence J. J. Ww ALLER, Evan We 


“McO. J Assoo. M. Am. Soc. E. (by letter).{—The writer 


has read with interest ‘Mr. Noetzli’ 's recent contributions to the science of dam and ¢ 

; ee engineering. It. appears from these and other publications | on the ‘subject that placi 
A multiple-2 -arch dams can be built economically | and with a large factor of safety in a 

to much greater heights than was formerly considered practical. ‘The recent 
completion of the 240-ft. -multiple-arch dam on River Tirso, in 1 Italy, 


demonstrates the possibilities o of 
ed The H- column feature of the improved buttresses is great for 


proved by the fact that they contain only about one-fourth the guantity of “hop 
of the gravity, type of dam. In order to obtain the full. economic will 
benefits of the recent improvements | in multiple-arch < dam design, the pos 


sibilities of using large ggregate in the concrete should be studied. 


For high structures, the arches and buttresses are comparatively ‘thick 
et averaging from 4 to 6 ft. in the lower parts o of the dam, in which the use of large wad 


In the construction of "the Don Pedro Dam and of “several other dams, 


in n California, the use of aggregate to a size of about 12 in. was economical. 


For multiple- rarch dams, of maximum sizes of is suggested 


of wall, in feet. 


is the use of size aggregate, the following 


in crushing and screening operations; > 
—Greater shearing and frictional resistance values; and, d 
ie surface | area, greater density and weight, smaller coefficient of * 
expansion, and less shrinkage of concrete. 
ae * Discussion on the paper by Fred A. Noetzli, Asse M. Am. Soc. C. E., continued from ie 
Structural Engr. and Mgr. of Constr., Los Angeles, 


t Received by the Secretar , November 15, 1923. yk 
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wid Large cobbles, spall, or rock, mix xed and paced together with: -conerete 


increase density, and sect grav vity. 


shearing concrete, the resistance of the 


structure would be increased. a 


he Italian engineers used. hand- -placed_ masonry for the buttresses o of the: 


Tirso Dam » Iti is believed, therefore, that conerete containing large size ; age 
gate would « combine some of the advantages of hand- laid x masonry with the ease 


of placing concrete. The cost of equipment used for 1 mixing and 
‘placing large size aggregate in the Don Pedro — than 


efficient plant layout i is another vital feature i in the construc- 
tion of 2 a multiple-arch dam, and particular study : should be ¢ given to this } phase ~ 


of the problem. Relative to a construction plant for using large size agere-— 
gate, the reader is referred to the ¢ description of the methods used d on the Don : 

The writer, believes that a a trestle ayetem between buttresses and 

otives, 


will seni a more economical. aa conerete can be distributed directly 


into place from the trestle with comparatively short | chute sections. _ This type. 
of construction plant does not involve hoisting, high towers, and long lines of 

chutes \ with the attending difficulties and delays i in shifting ¢ operations which are | 


numerous in the construction of this class of dam, 


= fn Mr. Noetzli’s li’s improved type of buttresses, a « cantilever panel form which 


was satisfactory at the Don Pedro Dam, could be used to advantage. — These — 
‘panel forms bs. easily in 5-ft. and at least ten = 
~The construction a i really a 2 problem ¢ of trans- 
; porting the materials from one place to another, is very intricate and vitally _—— 


- affects the costs. _ Therefore, more attention and study should be given to the — 


RENCE Assoc. M. Am. Soc. (by letter).; The 


ray 4 


d 

a arch type of dam as described i in the paper is , well adapted to rapid 
analysis. In this connection, a convenient ‘method i is shown in 


which gives directly ‘the v volume of arches and buttresses for a 60- -ft. length 


of dam comprising one arch and one buttress. The curves have been plotted 


from: estimates on structures similar to the Horseshoe Dam, » up to 260 ft. in’ ms 


The ‘quantity ‘Wetaeiitnadtéa is as follows: : First, plot the profile of the : 


and locate the buttresses, ‘placing them 60 ft. on center. Measure the 


* “Some Novel Construction Features on the Don Pedro Dam”, “Engineering News 
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ine ‘tii the 


probable depth of excavation, 


“Then, using this height as argument determine the yardages i in each buttress 


: ‘and arch from the corresponding curves. nyt summation for the various 1s but. 
_ tresses and arches will give a close quantity estimate for » the entire dam. - 
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FOR| | EACH| 60|FT,| 
LENGTH OF DAM, 


Volume in thousands of Cubic Yards 


Esq. (by lett er). t+—The writer is deeply interested i 


gala 


__ Evan T. Fisuer,* 
this new type of multiple-arch dam, and has analyzed the stress 


es in the but: 


tress of 1 the Horseshoe Dam, the results being shown on Fi ig. 28. - The caleu- 


lations” le according to MM.  Noetzli’s: monolith or “eylinder hoo 


‘te method, and the results seem to verify his" claims for ‘this type of buttres 
s All the writer’s calculations are undoubtedly a little higher than those 

"actually obtaining, the buttress" webs" and the area of the small arch were 
disregarded except in determining ‘the weight of the “structure. As 


Noetzli has apparently done, the writer has also assumed the arch to bet a 


emi-circle instead of an in order to the calculations. 
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. Wiis writer agrees with Mr. Noetzli that all fear of 


ted in 


hoof Nn,* Ese. letter)+_— —In the writer's opi ion, , improvement 

ittress. | - design, making | possible | more economical structures, is one of the most 
those important developments i in engineering to- day. In this. respect, 
were “arch dam as described by Mr. Noetzli is a great step forward. 
s Mt The reasons for such a statement may be summarized as Cia } 
be |_—Generally speaking, a multiple- -arch dam in a locality suited this 
nn will cost only half as much as a gravity dam am and, in addition, , will be twice 


decreased from 468 to 400 lb. per sq. in. This adds a very small quantity. of 
Se concrete, and it would | seem 1 that with very little increase in cost, the stress: 


: in . the buttress could be reduced to 375 or 350 lb. per sq. in., if expedient. tp i 
ith 


writing sah dune 


2069 EL Water Level 


= 


Sp 307 ine r 


on 1 the down-stream : faces of the arches, due t to seepage and ‘subsequent freez- 
ing, As unfounded. The New Bear Valley Dam, built in 1910, shows. 
— signs. s of such action, although ‘at an altitude of 6500 ft. it is s subjected to x 

great changes of temperature in winter. The daily change is often as great 
as 45 or oe 24 hours rs, extending from below Zero at night to 40 to 


— 


b tT 
spalling of the concrete _ 4 
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Projects formerly considered too expensive on account of high cost of 
a 
storage may be feasible if. multiple-arch dams are built. 


_8.—One of the factors i in land in the Far West is. irri- 


‘the m more able will: he be ‘to meet his ps payments. for construction 


work and to raise his crops. FO 223 


_— ° —N early all projects involving water storage are financed by Sil issues, 
If the same results as to quantity of water can be obtained with a cheaper 


\= 
dam as with a 1 more expensive ‘one, the security back of the bonds will be 


"greater as the debt per unit, ‘such a as. acre of land, kilowatt installed, or number 
of gallons impounded, is smaller. This facilitates financing because bankers 


and bond houses ean obtain ee ae readily and for a less rate of interest, 
—The improved. double-wall buttress pe of multiple- arch dam can be. 
built to practically any height with ‘safety and 1 economy. - For example, a 
-multiple-arch dam 240 ft. high, has, recently been _ constructed in Italy. 
this type has been adopted almost exclusively for that country’ ‘great 
hydro- electric developments. As example, may be mentioned the 
approval of the 210- ft. Horseshoe Multiple-Arch Dam, in Arizona, by the 
engineers of the U. S. Reclamation Service, who are pre-eminent authorities 
on such subjects. _ The construction of t the Horseshoe Dam will save land: 


owners ; about 1 000 000, as compared with the gravity type of dam. 


conclusion, it may be said that features of the ‘multiple 


eet 
arch are safety and economy. 
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JAKOBSEN,{ M. Am. Soc. EL (by letter). —Buckling of the but- 


tresses was not considered in the writer’s paper, because se approximate co computa- 
tions indicated that there was no danger | of ‘ buckling i in n well designed savltigle: 
arch buttresses. As Fred A. Noetuli, Assoc. M. Am. Soe. C. E., has proposed a 


uction 
issues, 
heaper 
vill be 


hollow. buttress|| in order to eliminate the danger ‘becomes 
necessary, therefore, to investigate that subject. 
is It will f be demonstrated that if the buttress shown on Plate my was made 


umber 
ankers 


forcement or counterforts (200 ft. high, 3 ft. ‘thick at the top, , and 113 ft a 


the bottom) , it would be in no danger of buckling. | i steel and : a few counter-_ 
forts. properly reinforced were added, the factor of safety 
would be greater than 40. As great accuracy cannot be attained, a factor of ; : 


safety of at t least 20 should | be insisted on, but ¢ even t that factor would still make 
it possible to double the load on the column with safety against buckling. In = 


the calculations, the column is supposed to be cut out of the buttress and to | be a Mes 
fixed at the ends, which is very nearly the case, The fact that this column is 


‘supported some extent ‘throughout its entire length 


: iti is well perhaps" to emphasize the fact that a | multiple-2 -arch buttress ¢ can- 7 


Pol 


not be compared with : an ordinary building | a1 | which 3 may be ‘subject to 


heavy overloads, ex excessive eccentric loading, damage from fire, ete., / and must | 
be dimensioned accordingly. . The buttress receives its greatest load from the = 


water pressure, which i is very accurately centered i in ‘the axis. of the column. * 
Consider, first, an ordinary of length, by and a constant 7 


with a least radius of gyration, 7. For this column, the Mérsch-Ritter equa- 
tion applies. ‘This equation, which was developed from a consideration of 


- stregs- strain curve of concrete** t and from tests on concrete columns made by 


Bi. 

ot the paper by B. ‘Jakobsen, M. Am. ‘Soc. E., ied from Decem 

a tHydr.“and Elec. Engr., San Francisco, Calif, ip sftaly oy 
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_ ¥—Projects formerly considered too expensive on account of high cost of 
storage may be feasible if multiple- arch dams are built. 4 


3.—One of the vital factors i in land development in the Far West is irri- 
gation. the majority | of cases, it is not possible to acquire a safe and ade. 


the more will he be to meet his payments | ‘on 


"i a —Nearly all projects involving water storage are financed by bond issues, 


If the results as as to quantity. of water can be obtained with a cheaper 
— dam as with | a more expensive one, the security back of the bonds will be 


as the debt, unit, such as acre of land, kilowatt installed, or “number 


‘This facilitates financing because banker 
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F. Jaxonsen, M. Am. Soc. C. E.+ 


BER Taxonsen,t M. Am. Soc. C. E. (by letter). §—Buckling | of the 


~e was not considered in the writer’s paper, because approximate computa a 
ff tions indicated that there was no danger | of buckling i in well designed multiple- 


arch | buttresses. =} As Fred A. . Noetzli, “Assoc. M. . Am. Soc. CO. E., has s proposed a 
hollow. buttress| in order to | eliminate the danger from buckling, it. becomes 


‘It will be demonstrated 1 that if the buttress : shown on Plate IIT 1 was made : 
slid instead of hollow with the same e quantity y of material, without steel rein- 
11.2 


it possible to double the Toad 0 on n the column | with safety against 
the calculations, the column is ‘supposed to be cut out of the buttress and i be o 
fixed at the ends, which is very nearly the case. _ The} fact that this column is _ 


supported -sidewise to some extent throughout its entire length i is not 


is well perhaps to emphasize the fact that a multiple-arch buttress can-_ 
not be compared | with an ordinary building column which may be subject to- aa 


heavy overloads, excessive eccentric loading, amage from fire, ete., and must 


be accordingly. The receives its ‘greatest load from the 


Consider, an ordinary column of length, and a constant “section, 


with a least radius of gyration, i. n For this column, the Mérsch-Ritter equa- 
tion n applies. fd This equation, ‘which was developed from a consideration of the 


stress- strain: curve of concrete** and from tests on concrete columns made by 


Professor von Bach, is as follows: to a tp ete 
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rmi sibl r r column; an 
= permis e stress for column ; and eerie 


| 
= permissible stress for the concrete in 
mS From the Euler formula, _ the iaenaee stress, with a a factor of f safety of in wh 


4 


building © code f for 1916. prescribes that, if a concrete is the 


i fifteen times s longer than the smallest dimension of the section, it must be com- 
puted by ‘the Euler formula, using a factor of. safety of 10 E = 2.000 000 


er 


Using this value ite: Equation (51) : and a value of s = 500 lb. per sq. in. in 00) 


const 


used. For values of — less than 69, Equation (50) is th 
Pee has been verified by actual tests which show that, for large values of - F 
Euler formula i is correct, whereas, for smaller values, itis not.* 
af In order to investigate the buttress for wr buckling, consider a strip 1 ft. wide 


‘cut out of the buttress, the 1 ft. to be measured at right angles to the length 
of the buttress. The column has a total length of L ft., a variable width of 7 
~~ ft, a sectional area of b x 1 sq. ft., and is loaded with central forces, ; 
Py Py ...., the points of application of which are Lo, 
from the bottom, as shown i in Fig. 46. The column is we to be fixed at 


e more -ativ 


column may be dealt with by Vianello’s graphical method which 
consists in assuming a deflection line for the column and then computing : 
moments at a sufficient number of points. The deflections which these bending 


moments would ‘produce are then determined graphically. this determina 4 
tion, it be in mind that the forces P, are deflected away from 


“counterbalance this a ‘reaction, acting angles ya ‘column, 
must be introduced at the ends. (See Fig. 50. ) By trial the two deflection curves _ 
are ma made roughly similar, and the factor of safety is found as the he ratio « of the 


- two areas formed by the two deflection lines. Ritz’ s method of approximation 


“Materials of Construction’’, by ‘Chapter XVI, 
‘Figs. 296, 297, and 298. 


+Zeitschrift des Vereins @eutscher Ingenieure, 1898, p. p. 1486. ax 


Crelles Journal fiir reine und angewandte Mathematik, Bd. ‘Heft. 
also, “Technische Elastizitatslehre”, by H. Lorenz, -Miinchen 
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an an equation for the deflection _ 


af @) +69 (2): 


in which f, are known functions and a, b,c are constants, 4: 


which | are to be ‘the known forces and Equation 
(58), the work performed by the external forces, or the external work, Wes can 
be « calculated . Likewise, the work ‘of deformation or the internal work, Wy, 


can be calculated, as ‘this depends on the deformations ‘and the known dimen-| 


constants can be "determined | by partial ‘differentiation of 2W.— —W i with 


ere are constants, The 
vray found for the. constants will furnish the best possible solution compatible 


& 


pars, 


sions of the beam or column under consideration. In these two equations, — 
the constants a, b, and ®. are the only unknowns. It may be shown that econ re 


respect to the constants and to zero, that is, 


As an assume a beam to be loaded as in Fie. 41, 
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Twice the work done by F, ‘therefore, is: 


— 
‘2 M, expressed as a function of the deformation, neglecting shear, is: ea 


Introducing the value of from Equation OD: pe 


Substituting (60) i in ‘Equation (69), and integrating: 


nd b 


y proceeding as indinated in Equation (64): 
(8bL+12cL*) 


E atl eT) bia 4 
(120174 MeL’) 


Introducing in in Equation (54), as a=0: aii se 


is the correct. ‘solution. In order to make 


Ry, certain that t the result is a sufficiently close 
i "approximation, it would be necessary, in general, 3 
thse add one or two more members to the expression 4 
Te 


and calculations. this case, ¢=9 


_ Professor A. Ostenfeld* has treated a column, 
= shown in Fig. 48, both by Engesser’s 8 analytical 
which is virtually the same as V ianello’s 4 
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graphical method except t that, in simple cases, computations instead of a graph- 
ical analysis are used, and by Ritz’s method, in — 4 : 


P,= bi finds the of safety to be: 


By Ritz’ sn method and | Equation (68); n = 9. 87 = 


It does not ‘make much difference, therefore, in te value for n, whether 
Equation (62) | or Equation (63) ‘is used, but. if: a number of forces, 
Ae 


involved, the use of Equation (62) g reatly complicates the calculations. st 


‘Then method of procedure i is as follows, referring to Fig. 46 and neglecting 


the due to shear and di direct compression. The internal work is: 


‘ot 


ward a distance, w,, and, as as the deflection curve is 3 very flat: 


contribution of Py to the external week is, = 


apers, 
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F Fig. 46. these values i in ‘Equation 65, and 


= 


— Referring to Fig. 49, A D Bi is the axis of the wploaded hed 


—— eolumn and A C D the axis of the loaded column. ie The lengt th a 
of the | column is not changed, because the influence of | direct af 


compression is assumed to be negligible. The equation then 


= 
s small in comparison with unity. A, 
da;and A B=AD+] 


Introducing the value for dy given in the text, and inte 


dx 


erefore, U, ‘is changed only 


designated in Equation (66) | are not the 


but those which produce the 4 is the factor of 
safety and the actual forces are Py, Pay sees the forces in Equation (66) sh should 


be 1 written, n P,, n & ‘Differentiating Equation (66) with respect 
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= ‘ft 


ty, 
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a, and 
, the ‘following equation is for the factor of safety: 


it 
Rad. 


R= The © law. is apparent and the coefficients may be formed by Proceeding as 
ndicated. If all the forces except 7; are zero, T,,... and z, = L, 


4 
in 
Euler formula results : from ‘Equation. (67). If there are ten forces 


Spaced, acting at the end 2 io acting = m the 


- ficients are. those given in ‘Table 3. In order to find the factor of safety, - 


from Equation (67), it is only necessary to determine the ten forces, ya 4 
Py vey spaced equally and the ten moments of inertia, I, TO Ey is. 
then ‘multiply by the coefficients from Table 3 3, as indicated by E i 


and ey valuate this equation. 


= 2.03 Ke = 


= 


4 ri 
The recurrence of the values for the coefficients, B, is, of « course, due to the 


fact, that a symmetrical deflection Tine has. been assum med. In the equation 
for if two members are used so as to take account of the unsymmetrical 


deflection, the coefficients, ; B, would not be exactly alike. Jt has already bee 


stated that the use of two . members i in the equation for y, would increase aa 


labor - very greatly and that only an approximation can be obtained i in any 


) 
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ating: 
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jo 

instead 
not the n i 
‘actor of 


ust be insisted, ‘has, be 80 plang as to leave no doubt regarding 


ifr 


“ “pression for the sonterial at any section, say, 500 to 600 Ib. per sq. in. for con- 
“crete. Equation (67) is « derived on the assumption that ; failure would ‘oceur 
from buckling if the load is sufficiently increased, which implies that failure 
in compression | is not possible. If this is not true, ‘Equation (67) is ‘not true. 


for example, in Equation (67), one of the P, is greatly increased, it 
might change n very little (especially if the force is 1 near the bottom, where the 


coeliicient, A, is small), but the direct compression at that section soon 
“exceed the permissible value and Equation (67 cannot be applied. 


= In order to apply Equation (67) to the buttress shown in Plate III of Mr. 
_ Noetzli’s paper, previously mentioned (the buttress being solid, but having the 


_ 4 same cross- ‘sectional area area as the hollow buttress), it will be ‘assumed that the 
unit compression varies , uniformly from 500 lb. lobe sq. in. (Mr. Noetzli gives 


485 lb. per sq. in. in | his Fig. 10*) at t the base to zero at the top. The water 
8 load midway i is only or one- quarter that at the base, and ‘the : same is approximately 
true for the stress due to the weight. of the structure, co that the loading i is 
7 believed to be a fairly correct assumption. As a check, ‘the stress in Point 


the writer’ s Fig. 33+ i = 319 Ib. ‘per sq. in, (see Table 1t¢), and at 

3 Point D it is 112. 5 + 80.4 = 192. 9, that i is 60% of the stress at Point: B (see, 
5 also, Table 1). "Polat B is 100 ft., and Point ‘Di is 70 ft. below ’ the top. _ Ww hen 
designing a dam, of course, the actual loads ‘should be u used. 
aan buttress varies from 3 ft. at the ' top to 11.2 ft. at the betel. P, acts 
a, = 200 ft. from the base (L = 200 ft. ys and the interval between forces 3 is 


= 20 ft. Py is found by determining width’ of the 190 ft. from 


the base, an this figure by t the unit ‘stress at that point. Lz 


found from the width 190 ft. from the base, Z. from the width 170 ft. from the 
base, etc . wy is found in the same manner as P,, by considering the dimen- 
: sions and unit compression 170 ft. from the base and ‘subtracting P,. The 


but | it shows that there is no of backing snd that there is 


=4 


As stated previously, the Euler formula applies only to slender columns. Th 


7 - case, the least radius of gyration at the 1 top is, i = 0. 865, and, at the 


middle, t= 2.04, 80 that the ratio — for the top and middle, “respective ely, is 


cit., "1116 
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prio 
69000 ### | 6.69 * 
7.81 


if 


RRR 


cat aan, 


ae The limiting value found in Equation (52) was 69 69, so that Equation (67 _ 
or the Euler formula i is applicable to this column. 7 
wpa It is interesting to note that if the column is assumed to be Neate at the 


aat the top and d bottom, that i is, if Equation (63) is used for y, 1 the equation | for 1 n is 
i gives 


— 


wig, fy OTR 299 TABLE 5. isl re 


gait 


shared 


0.709 


= 


tebyty || 


FES YS 


yrces is 


weio 


1 


This gives the value of 1 n = 7. 18 instead of 39.4, or a ratio. of 5. 5 instead of 4, 4 


which is the ratio for an an ordinary « column with constant section n and only one 
load applied at the end. The greater ratio in the present case was to be . 
expected, due to the fact that the moment ¢ of. inertia increases rapidly ne near th the 


Applying: the formula to ‘the buttress” shown in the writer’s Fig. 83 pre- 
viously mentioned, and assuming hinged ends, gives a value of n= = 134. 


This computation does 1 no take into account reinforcing steel or counterforts. 


.: The writer hes given n the method in some ‘detail and also the cocfiicients, 


ns. A and B, because he believes. it to be applicable - to > multiple-arch 


i fon influence of reinforcing steel and counterforts can be taken into account by 


Another ‘method of | the in Mr. Noetzli’s dam is, as 
lows: : ‘The German building code (1916) "prescribes | that if the length of a 


column is more than twenty times the least dimension, the load shall then be 


4 


the buttresses and, in general, that it will ‘suffice to consider ten ‘sections. The 
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considered as applied ‘off center. Applying this to the column, considered 


“as s soli, with all loads ft. of off center, it is found that: 


bs 190 170 150 130 110 90° 4 70 50 30. 10 
in pounds per square inch. .. 189 280° 354 426 494 558 624 680 740 


2 


his however, is to a at intervals. 


~ A more rational use of this method would be to assume the ece eccentricity of each 
force as ——— of its distance from the base, but, nevertheless, a : fais indication of 


_ the sufficiency of the column in n question is obtained. 


at _ Whether: the buttress may be assumed as fixed § at ‘the ends, as has been done 
in order to derive Equation (67), remains to be investigated. — If the buttress 


very rapidly, which i is in conformity with theory, ss 
= It has already been ‘shown that, if the forces in 1 , ft. ‘elt center, the maxi- 
mum compression at the base is only 740 lb. per sq. in., and that as s the forces” 
-act well within the middle third, the entire base is under compression. Me 


buttress, however, might be built slightly crooked or 
Ry lack of homogeneity m might make it act as a . slightly curved 
m is column, in which case there would be « a bending moment at 


B = _ the base. if tension ‘is produced : as a result of this be ding 
- moment superimposed on the compression, ‘the buttress can- 


not be considered as fixed at the base. At the top, it may be 


| considered as fixed, but it. will not. make much difference 
‘whether it is ‘considered fixed. or hinged, ¢ owing to the 


, Assume the column to ave a shape as show: n in F ig. 50 50, 
ert 


idol hinged at the top and fixed a at the base. The forces, ?, hcl 


pias, duce a couple, > Py, tending to rotate the entire structu 
clockwise. There must be, therefore, a horizontal reaction, R,, at the top : a nd 


at the bottom, anda ‘moment, » M,, at the base. fs ay ve 


he stress at the hie is: 


ot + al (ds 


had 
it 


As a limiting value, ¢ = 0, and, . there: 
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The meaning of Yav is evident. It is is ine than the maximum deflection, the 2 
amount depending on the magnitude and location of the forces, ty Combining 


(rr 


For the buttress of Mr. Noetzli’s dam, OT tx: axis of 


onl 7 


however; be assumed to be. more than 1.87 ft. out of true and, 
- consequently, ‘the column may be considered as fixed at the base, provided 


int 


- the foundation is rock, or that it is, and will, remain as unyielding as a tock 
foundation. It may be well to ‘consider wind pr pressure. Noetzli* uses 


pressure of 15 Ib. per sq. ft., , acting 1 under an angle of 45° ‘to the buttress, which — - 
‘figure corresponds to. a wind velocity} of 0. 0032 V? = 15; or B = 68.5 miles pet 


hour. This is a quite conservative assumption and only | a very small p: part of — 


the buttress could be effectively exposed to this pressure. Assuming the but- 


tress to be fixed at the base and suppor ted at the top, the n moment at the base i 


M, = - = 53 000 ft-lb. 


and the maximum bending ‘stress produced is, 


11.2? 144 per q ti 


The compression ‘at the base 1 with reservoir full is about 500 lb. p per sq. in. 


the middle point of the buttress, the moment. is, a 


and the maximum a bending stress is, at 

6. == 21.9 |b. per sq. in 

T 


he compression n at ‘the middle point is about: 250 Ib. per sq. i 
‘The wind stress of 21.9 Ib. Per sq. in. cannot produce tension even wl 


the reservoir is empty. The wei ht of the buttress alone would produce a com. 
p y: 


would seem, therefore, that the $n fuence of the winds stresses is negligible. 


The comparison just given, between Mr. Noetali’s 8 hollow buttress 


atid 0 one containing | the same cross-sectional area, is ‘very unfair to the solid 


: Proceedings, Am. Soc. E., August, 1923, p. 1089. 


Test at the Eiffel Tower, Merriman’s “American Civil Engineers’ “Handbook”, Fourth, 
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buttress, as it would cost much less. AD fairer pein be had by 
considering a solid buttress having from 30% to, perhaps, 50% more sectional 
‘area than the hollow buttress. 


> 


In discussion,* Professor calls attention. to ‘the: importance of 
‘realizing that oblique sections cannot be used for correct stress -determina- 


>” Better 


tions and datkeen the writer’s Equation (23)+ in a different and more direct 
manner. As oblique’ sections are often used in -practise,t the 


— question v will be investigated further. A beam, , as shown i in Fig, 
51, is an indeterminate s structure and the stress distribution may 
z be determined by the method of least work. § The writer’ sE qua- 

a taints (23), previously me mentioned, \ was derived on the assumption 

that plane oblique sections remain plane. ~The total ‘internal 

Ta” work of deformation may th then be expressed as a function of 
tam a and that value of tan a determined which gives the least 


e oblique plane remains in the 


| 


= 
in which I and A are the of and the area, a 


Eliminating 2, az, from Equation (73) (75), and into” 
‘Equation (74), the value thus found for then Wi with respect 


to tan integrating and ‘equating to zero gives tan a = = 0. This 


is ; dependent on the assumption that plane sections - remain plane, P _ 


but it indicates that oblique sections may not be assumed to r remain — ty 
plane. This is limited to a rectangular section of con- 


stant width throughout, and the shear i is assumed to be negligible. al 

It is possible, however, to give ‘a general demonstration. © In 


Fig. 52 assume that the shear deformation is negligible and also 
4 neglect the lateral deformations and assume a relation between the 


_ stresses and the strains as given by Equation ( 76). No assumption n Fic. 5 wish! 


Proceedings, Am. Soc. C. B., October, 1923, 1785. 


tiIn shaped reinforced beams, see “Earth Pressure, Retaining Walls a 
Bins’, p. 239, by William Cain, M. Am. Soc. 'C. E.; “Concrete, — Plain and Reinforced”, 
«Second Edition (1912), p. 668, by Messrs, F. W. Taylor and S. E. Thompson ; and, also, in 
determining the stresses in the down-stream toe of Re | dams, see, “Engineering for 
Masonry Dams”, by W. P. Creager, M. Am. Soc. C. E., 1917, p. 72, A age ge aaa 
- § See, for example, “Determination of the Stresses in Elastic Systems by the Method 
of Least Work”, by William Cain, M. Am. Soc. C. E., Transactions, Am, Soc. C. E., Vol. 
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is made « on th the. distribution of the s stress over ‘the s section nor whether any plane’ 


sections remain plane. The stress-strain relation. is: 
n which | k are constant. If. n=1, k= the ordinary 


6, wa = = = Px; 
The elongation per unit length i is, 


” the i internal work f for a very short “_ of the beam =a 


i, x 


4 


+ n + 1 na 


ies a is a constant, this expression may be written as: ir. ome - 


te 
yd y 66, +a 6, + a6, ya 
(n + 1) (6, + - dy y 6 6, +5 2k ax 
By partial integration of the e third and fifth members and arranging: 


and the war 
- 


| 
| 
qua- 
iption 
fernal 
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ation 
oo, on 1 OF y 18 NOW sought such that Equation (78) becomes a | . 
minimum. In this equation, is the normal bending stress in the normal 
of a 
4 
(TA) 
| 
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(77): furnishes th value of the c constant, a: au obs 


ISCUSSION ON STRESSES IN MULTIPLE-ARCH DAMS 


‘Introducing. Equation (8 0): pa hy by 

= 


the maximum bending stress, then, fory=<¢: .. 


‘This proves that the ordinary bending jeiidies’ is correct for ‘normal ane # 
it is incorreet : if applied to oblique sections (see Table 3). 


According to tests by Bach,* = 116 for 1 12.5 concrete, and, if 


c=6, ,6, =0.717 > under the r= =1, 


1, this expression reduces to tie standard bending formula, 


6 . As the error amounts less” than 54, it is side of 


Bacht has derived a formula based on Equation ( 76) and on the further 
~ assumption ‘that plane normal sections remain plane, and he finds the same 


Equation (81) is derived on the assumption that pure bending 


example by a couple at the end of the beam; only then is the e shear zero. a 


Ina multiple- arch dam, stresses, ro oy snd % exist, due to the loading of 


the dam and also to the variation of the section. Section TI of the writer's 

a a Fig. 33, previously mentioned, the stresses for the buttress are given in Table 
2. The work of deformation for the Cx Oy and 7 stresses for this section (for 


“0 
buttress only) is in the ratio, 0.415 : 0. 325 : if the shear modulus 
as It is se seen t that the internal work due to shear is by fer the ar 

— greatest. If a beam is stressed in shear and the other stresses are —" di 
a Ee the principle of least work demands that the shear be distributed evenly over + 
“Blasticitat und Third Edition, 1898, p. “58. de 
4 August, 1923, p. 1123. » 
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the séction. | This ¢ corresponds to the bending stress concentrated at the extreme 


fiber and, therefore, this stress would be infinite, unless the bending i is actually J 
= the shear i is zero, the stress varies we with 4 Y; that i is, oe ay, 


‘edominates and the stress distribution, 6, = a y* The actual 
stress distribution for a multiple-arch dam will be between these two extremes. 


Fig. 53 (a) shows the linear stress distribution of oz; Fig. 53 (b) shows 


by full lines the corresponding stress distribution for the shear, and by dotted 7 


SUNIL a3 4 4 


lines the shear distribution which corresponds to minimum ‘internal work. due _—_ 
to shear. Fi ig. 53 (ec). shows the ‘stress ‘distribution for oy a rectangular 
ation corresponding to the oe § stress shown i in 1 Fig. 53 (a); the dotted line i in _ 


‘Fig. 53 (c) shows. the. stress distribution corresponding to minimum. shear. 


‘These pa apply to a dam of rectangular section, the weight of the struc- 


sts. 
‘Neutral Axis 
eis 


Fig. 53 (a) would changed, the other two diagrams, ‘Fig. 
Fig. (ce) being unaffected. internal work for shear corresponding te 


the two conditions of Fig. 53 (b) is shown by the two: curves in: fig. 54 


wie 


Py Cag: 
— 


) 


and the internal work corresponding to the o, stress distribution | shown in 


Jad 


Fig. 53 (c) is shown in Fig. 54 (b). It should be kept i in mind that the stress 


distribution indicated by the dotted lines in Fig. 58 (b) and Fig. 53 (c) cor- = on 


respond to Oe , infinite at the extreme fiber and zero elsewhere and that these 
"dotted lines, therefore, represent limiting cases which cannot exist in practice. 


From Fig. 54 (a) and Fig. 54 (b), it was found by the planimeter that although 


oz stress changes’ from linear to infinite at the extreme fiber and the work 
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a oo to ao, becomes infinite, the work of deformation for _— is decreased only 
about (20% and the internal : work of the og, stress is decreased only about 15 


vid the « o, stress is assumed to vary less rapidly - than y y, the work of looses 
tion of all three stresses is increased, which cannot take ‘place. Therefore, 


“wherever shear is present, , the oz Stress 1 must vary faster than and, conse: 
quently, the 6, tress determined by the ordinary bending formula errs on 
the side of danger. ‘The writer has not been ‘able to ) solve the equation for 


> 
4 general stress: distribution when all three stresses are present in a rectangular 


beam. a multiple- arch dam with a complicated variable section “the: 


od. J. Williams,* M. Am. Soe. 


ing the increase of the bending stress the influence of shear. 


iy 


= modulus of elasticity | for - shear; 

= depth or height of rectangular section; 
M= = bending moment on section ; ceaultt ree. 


s= total ‘shear on so ze the change | shear at 


to. this as Mr. "Williams has stated, “w here the 


ghear is” constant, there is no error Whatever in the common theory.” This, 
however, has been shown to be in error; when shear is” “present, it always. 


operates to increase the maximum bending stress. The Williams formula, 
hov y be used as -the best approximation available at present. _ Ap 
oa - plying it to Section II of the writer’s Fig. 33, on the assumption that ‘this 


may be ‘considered to be with B= = 94.5 ft. 


: 
> 


— S, = 202) 000 Db. 


es at, wad 


previously mentioned, the 
stress at Fig. 38, when ‘oblique Tis considered, iso = +821 


Tb. per sq. in., that is , a fair compression. Then normal Section ‘I is con 


sidered and the influence of shear is. ‘token into account, as determined 


“ 


viously, the stress. ist og = = 83.2 —1 386 111. 8 = — 69.6 lb. per sq. in, 


the first case, the principal stress is 33 4 lb. per sq. _ in, compression, whereas, 
correctly computed, it is 95 lb. per sq. in. tension. This is a ‘considerable 


tt In his discussion of the paper, rpaaieas in the Theory of Flexure”’, by Henry 3. 
Prichard, M. Am. Soc. C. E., Transactions, Am. ‘Soc. C. E., Vol. LXXV (1912), p. 932. * 
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ak It been. pointed ou out that the a may swell. it is not 


feasible to prevent. swelling by embedding longitudinal steel, the effect on the 
distribution of stress must be carefully investigated, as it may cause heavy % 
- Professor Cain* has pointed out that, in designing the toe of a retaining wall a 
or a dam, the usual method of considering oblique sections leads to inconsistent _ 


results, if the angle, ¢, in Fig. 55 is fairly large. Such results are not obtaine 


x+—sin2@ 


The normal | pressure is N = P sin d; and the moment of inertia i a“ 


The distributed pressure is represented by its result- 


- the ‘oblique section, . Nl, ‘and i in the center line of die 


so that P sin acts in the center of the normal 


act at Point in which case P sin produces 
moment. and ‘is, therefore, more convenient to 


assume P as acting in the center line and the 
is obviously, the same. The normal stress at N 


fea 


‘By the nature of the problem, tan 2 ¢ f this ‘condition is not fulfilled 


z 


hand cannot both remain constants when varies. For a corner, , such as 


AN 1, the stress is obtained by putting h=cxtan2 limit is then 
90°, and, then, as it should ‘be. If there is considerable shear, 


must be increased as given by ‘Equation 

ning: 

to 


These assumptions been’ has been shown 


previously} that when a beam is “fixed along an oblique section, no section 
* “Barth Pressure, ‘Retaining Walls and Bins”, p. 239.° 


+ Proceedings, Am. Soc. C. E., August, 1923, 1106, ‘and Professor Cain’s discussion 


October, 1923, p. 1785. 


Pe 4 
Papers, 
forme: 
refore, 
conse- 
ITS On 
on for 
ngular 
m the 
ermin- 
per- 
= 
| Ago | 
> 
Iways and the 
t this 
5 ft. 
90 Ib. 
1, the 
pre 
tant Sf) farts 
38.—That the shear deformation is negligible; and 
=, 
a 


DISCUSSION | ON STRESSES IN MULTIPLE-ARCH DAMS 


‘rem ains plane* and the is, therefore, not complied with. In ther 
view of previous statements, it would seem that the assumption is safe and the 


: correct that the bending stress in a normal section varies ae 
linearly with y, even for normal» sections lying below ‘Section IL in thef whi 

_——* Fig. 33, except for such modification | as s that brought : about. by the 
 # and oy stresses. This is true, because the stresses spread gradually into the 
foundation. A better appreciation of this will be gained from a study of a 


"paper by George | Paaswell,t M. Am. Soe. C. E., in in conjunction with the marke 


~ change in stress distribution in a gravity y dam as the base is approached and 
shown by ‘Fig. and by Professor Cain’s” -discussion.{ There is 


Professor Cain’s query§ has been | answered by in a letter to the 


. 3 _ “Qonsidering a buttress 1 ft. thick similar to the one shown in Fig. 33, 


but 110 ft. high, I found for Prorat I, 6, = + 20.1 Ib. - per sq. in. (compres 
at ost ion), but for Section I,’ é, (== + - 6. 48 Ib. per sq. in. (tension) ; 6, is the 
principal stress parallel to a up-stream face, 7. OP arallel to the water surf ace, 
im a The results are in line with | your computations.” ioe 5 
order to make the load more like that of a multiple- -arch buttress, take 
a buttress 1 ft. thick, 100 ft. high, base, 100 ft, with the up-stream face inclined i 
aa 50° to the horizontal and with the water pressure for a 4-ft. width (or weight N 
water = 62: 5). For a horizontal section, the writer found that for ae; 
point in the up-stream face, Or 19.2 Ib. per sq. in. compression. ‘(acting 
and by Equation GDI = 2.1 Ib. per ‘sq. in 
_ @ normal section at that point, On = 50.5 - per sq. in. tension and o, = 7018 
lb. per sq. in. te tension. This ‘should be augmented as outlined previously 3 
Equation (82), i= = pe 30%, 8 o that = 96 Tb. per sq. in. tension and 
= 126 Ib. per aq. i ‘in. tension. Instead of a compression of 19.2 lb. per sq. in, 
f 


= found by the 1 usual method, there is a tension of 126 lb. per sq.in, 


_ The increase in the extreme fiber stress in a ‘gravity dam due to. shear 
deformation is worthy of discussion. The Williams is derived for a 


= beam of constant section, and ‘the shear distributic 
would be parabolic. The shear distribution for a gravity is | linear, at 


4 ‘the up-stream face and a maximum at the ‘down-stream face. Iti is not clear 


ak writer to what extent ‘the Williams formula i ‘is applicable to a gravity 


dam ora multiple-arch dam, but a: as the error in neglecting the shear deforms 


tion is on the side of danger, it is not good engineering to neglect it, , especially 
considering gravity dams with which even small tension in the up 
} — 


stream face across construction joints may be dangerous. Good engineering, 


a be Professor Cain has informed the writer that the oblique p plane , section, C- D, in Fig. 43, 
; —& of his discussion previously mentioned, is deformed under stress into a curved surface of 

i slight curvature, concave upward. This was deduced from the equations given in Proceed- 


ings, Am. Soc. C. E., October, 1923, p. 1786. 


+ “Transmission of Pressure Through ‘Solids’ ‘ena? ‘Soils, and the Engineering 
Transactions, Am. Soc. E., Vol. LXXXV (1922), 1568. at 


Proceedings, Am. Soc. C. E., October, 1923, pp. 1788-1789. 

Proceedings, Am. Soc. C. E., August, 1923, p.1115, 

See Am. Soc. C. E., August, 1923 Teference to “Stresses: in 
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the refore, requires that the compression in 1 the up- -stream face, ‘as c 


varies For: a horizontal of. a triangular gravity dam ‘did w up- face! of 
in the “which is vertical and the water level even with the top, the base equal to 65% 
by the of the height, and the concrete weighing 150 Ib. per cu . ft.: S = 31. 25h2, and 


4, 


ly of a - 10. 6 h3 — 75 xX bhkxX 5 5.32 ‘With ormula 


i= 
vil 


ed and} gives = 20%, ‘and the in the up-stream face is: b 
“ten ~1.2X 6 X 5.32 X = 15.6 X h lb. per aq. ft. tension. vob 
r deformation is neglected, there i‘ a compression of 0.6.h Ib. per 


to the 
4 h = 100, the tension is 8 Ib. ‘per sq. ing and for 300 


it is 82.5 lb. per ‘sq. in. 


pres. it is not safe to rely too on "the third Jaw which has pro- 
is the duc ed safe structures | in the e past. TI This question needs careful consideration. 
urface, A part of Mr. Noetzli’s” discussion,* has been already answered, but the 

aoe writer does not follow his argument relative to the cracks in the buttress of the 
88, take Lake Ho Hodges Dam (Fig. 42H). These cracks are perpendicular to the groin line” 
nelined ay near the g groin, whereas the foundation they vertical. Mr. 


| Noetzli’ conclusion that multiple-a arch dams can be built economically i in steps 


Mr Jorgensen’st point is well taken that if the slope of the arches is too 
& steep, there may be danger of sliding along ‘the construction joints. 
: allowable + stress should be fixed with this i in mind and the construction joint 


should be s strengthened, perhaps, by ‘sloping c or stepping it ‘and even by 1 reinfore- 
ing it. _The writer cannot agree with Mr. J orgensen’ s remark a Pro- 


. Am. Soe. ©. E, + , pointed out 

‘that ee considerable maa is “developed i in a concrete arch, a a secondary > 


mE arch free from tension must be considered, and Professor Cain, i in his closure, 7 
= showed that his formulas could be applied also to this case.** If fine hair . 6 


t clear * Proceedings, Am. Soc. E., December, 9028, 
“The Circular Arch under } Normal Load”, Am. Soc. C. E. LXXxXI_ 

ring, =. It should be pointed out that this method must. give too small values for the ne 

es for the reason that the water is assumed to act on the secondary arch, whereas, it acts on 
Fig. 43, the original arch which has a larger radius. Moreover, the arch does not crack, as indicated 
rface of by Mr. Mensch; this can readily be verified by computing the eccentricity of the thrust from 
~~ _ Professor Cain's formulas. This is and whenever it is less than ... the section is — 


on, 


compression throughout. Whenever tensi and, consequently, cracking, occurs in an arch, 


Plicated. Therefore, whenever the secondary arch departs considerably from the original 
: the stresses found in the secondary arch may be much smaller than the actual stresses 

in the arch. Incidentally, it will be appreciated that it may be dangerous to increase the 

stream radius what computations show that it should be. 


2 section is no longer - constant, as assumed, and the stress determination is very = 
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cracks developed, they might not “permit the water to flow through 


_ moreover, the outside skin might not crack due to the swelling of the water- Lise 


soaked concrete. If the arch: under consideration i is near the foundation, the 
r shear transmitted to the foundation must also be considered. It is true that bait 
oy the swelling of the up-stream face tends to diminish the tension there, and 
time factor tends to equalize the stresses. Both these influences, hon however, ia 
are quantitatively ur unknown ¢ and had better | be neglected. 


As generally computed by the cylinder formula, the arch stresses are worth- 


- - less and untrustworthy for the purpose of dam design, although many good arch | et 
dams have been designed and dimensioned according t to that formula. 


In the writer tot thank those who have ps in the 
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THE RIVEE ER AND HARBOR PROBLEMS OF THE 


. Marrues,t Assoc. M. Am. Soo. C. E letter).t—In 1906, ‘while 
the writer was assisting ‘the late Dr. G. K. Gilbert of the U. S. Geological 
‘Surv ey ins research on ‘the transportation of débris by running water, he had 


a to familiarize himself with the details of the German hydraulie 


laboratories and with the nature of the experiments conducted therein. At 


that time, those laboratories had been in operation only : a few years, | yet the 

‘results ob obtained were impressive both because of their practical and their 

scientific value. Since that time the writer has looked forward to the erection _ 

of similar lnhermtotien:é in this country, specially designed to serve the purposes — 

ofS “river science” The plans for a National Hydraulic ‘Laboratory as set 

one at all conversant with the results accomplished in Germany can 
‘entertain any serious doubts as to their utility. iui The experiments made during : 

i the - pre-war period have shown the potentialities of the laboratory ‘method in bd 

_ practical studies, such as those for the design of spur-dikes, groynes, jetties, — : 


bridge piers, , and for the effective placing of such structures. _What As more a 
3 4 


important , they have demonstrated the possibility of determining the funda- 
mental laws of stream flow and channel building, and of clarifying those 


theoretical questions always: debated by engineers. Prominent among’ those 
questions are, for instance, (1). whether a river flowing ov over sedimentary 1 ma- _ 
terial remakes its bed completely with each flood ; (2) at what ‘stage and by 


what method the deeps at the bends and the cross- -over bars 1 near the points of 4 


inflection are . formed; (3) in what lines, with r respect +o the axis of the stream, - 


the sediment moves; (4) why, in a straight channel, deeps form alternately — 
‘near each bank, but not in the middle ; and (5) why, i in such a channel, both com 
-deeps and bars down stream, whereas, in a curved channel, they remain 
to 1905, these, questions had been dilated on—in the elaborate German __ 


‘a 


da various engineers who had made observations on full-sized river 


laboratory|} proved more valuable than all discus- 


by the ‘Secretary, November 3, 1923, and by permission of 


of the U. S. Geological Survey 
Proceedings, Am. Soc. C. E., August, 1923, 1185. 
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DISCUSSION : 3 MISSISSIPPI RIVER AND HARBOR PROBLEMS ‘[Papers. 
sions, and, ina few w weeks, a afforded | better insight into these matters ‘than all all 


«Tt is ‘significant ‘that many of these questions are ‘still being debated by 
Pinielitaala’ engineers, thereby justifying Mr. Freeman’s comment on the sleig' 


progress of river science in t this. country. Within the last few - decades, there 


progress 
7 s been plenty of river engineering in the United States, but little intensive 
: re esearch with | a view to developing river science. For o ne reason most of 
4 the rivers with which engineers have to deal offer “comple ex an uns satisfactory 


for analytical study. ‘Wonder has been expressed that more contribu: 


tions to river science have not been made by engineers employed on the Missis 


sip sippi, but the { truth is that the “Father ¢ of Waters’ ’ turbid, turbulent, and a 
- mile in width, is, because of its extreme size, the poorest subject imaginable 
systematic: observation and economical study. The observer ina lab- 
7 “oratory. has to deal with a stream only a few feet wide, of clear w water, the 
bed of which he can scrutinize ‘minutely, ‘and every fluctuation of which he 
4 can control at will . Manifestly, he has | tremendous advantages, and, therefore, 
ted The writer does not share the s skepticism so ‘often expressed : as to whether 
- it is possible to reproduce in a laboratory all the phenomena of flow in a large 


a ‘3 river such as the Mississippi. } An acquaintance with the German experiments 


as a and observations on streams and stream beds, both large and small, lead him 


_ to expect that some phases of reproduction of phenomena will be much more 
wa) ‘difficult than others, but that none will be found altogether impossible. v The 


most troublesome, doubtless, w ill be the processes , whereby the Mississippi has 
_ built out its delta, including the Passes and the mouths, which processes are 


associated with the slow settlement | and still slower compaction « of the col- 


loidal material and fine silt that are carried in ‘suspension. Even these fea 
‘tures, however, may be observed occasionally in miniature in brooks and rivu- 
lets, and, therefore, it may be inferred that they also can be duplicated under 
‘proper laboratory conditions. The physics of colloids is to- day barely « “ont 

“8 of its cradle and no one would attempt to foretell what research and wri 

‘mentation i in that field may yet accomplish, 
for the actively ‘ “meandering” course of the Mississippi between Cairo 
4 and Baton Rouge, there can be no serious difficulty in ‘reproducing | it in the 

_ laboratory, any more than ‘hoi has been in the case ¢ of European rivers. In 
this part of its course, the Mississippi behaves characteristically as ‘an 1 over: 
loaded, aggrading stream. jo It picks up its lo ad of sediment when in flood, — 

am drops me most of it as its volume diminishes, rebuilds its bars, and, deflected by 
them, develops oxbow loops, or “meanders”, All the phenoment 
which it exhibits, have been observed i in brooks and rills, the fundamental 
laws evidently being the : same in large and i in small streams. 


_ The difference i in the character of the Mississippi above Baton Rouge and 


below point, is matter” that has been s -searcely touched on in the 
_ Symposium, nor so far in the discussion. ea The engineers best acquainted 
petra s er 


with the Mississippi may regard it as too well known to ‘need mentioning, 
but the writer suspects that the 1 main reason for its being passed ¢ over is 
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Pape rs.J DISCUSSION MISSISSIPPI RIVER HARBOR PROBLEMS 
it is essentially a physiographic fact such as engineers are not —y to con-- 


sider. To the writer, who is an engineer turned physiographer, this change 


| 


in character looms up as a_ fact of. ‘tremendous importance that ‘must be 

considered i in any comprehensive discussion of plans for flood control: or ‘recti- Oe oe 
fication. For whatever may be done to change the character or behavior of 


the river in the upper stretch, is also likely to affect ‘the remainder, yet there 7 


are excellent reasons for leaving the lower stretch as nearly as possible in 
its present general condition, as far as that is satisfactory, and. this will Ibe 


_ The outstanding characteristic. of the river's course from Cairo to Baton — _ 


is its ‘instability or excessive meandering. In past times, it has shifted 
its bed back and forth, and has occupied innumerable positions within a broad 


; 


belt— meander belt, as it may be appropriately. termed. Man’s principal 
concern, to- -day, is. to put a to this shifting—a problem difficult 


even than that of confining the flood waters | between | levees. 


‘d Below Baton Rouge or, ‘more properly, from the vieinity of Plaquemine a 
downward—for there is ‘really a gradual transition—the outstanding char- 
acteristic of the river’ 8 course is its inherent fixedness. Here, for a distance of 


ali. 


> 
about 250 miles, ‘the river flows practically at sea level, between mere mud walls 
which were subject to overflow until they were leveed, yet it appears to have 


maintained its « course substantially unchanged for thousands of years. It 


makes many | bends, some of them quite sharp, yet it displays no tendency 


to enlarge them to oxbow loops. The waters flow with a marvelous economy | 


of energy through this crooked. channel of their own making, and appear 
fully competent to carry their load of sediinentt ta the | sea, although the 


surface slope ranges from only a a few hundredths to a fe -w thousandths | of a 
foot per mile, according to the stage. _ There is. no need of ‘dredging, for the 


river maintains its channel sufficiently deep—100 to 200 it. —nor is there need 
of elaborate bank revetment, although the banks consist. largely of fine sand — 
and silt. All that ‘was necessary to make the banks: permanently inhabitable © 


vas the erection of low levees Mer sift 


ot Clearly, it is because of the existence of these. unusual, almost ideal ‘ condi- bo. 


tions along the Lower ‘Mississippi that New Orleans has been able to prosper, 


crt 


even though situated at the apex of | a sharp bend; and it is equally clear | 


that the future, safety and prosperity” of the city depend on the’ 


__ Unfortunately, the lower course of the ‘Mississippi from Plaquemine to the - 

Head of the Passes, , has never been intensively studied from the physiographer’ 8 ¥ 


point of view, and, consequently, is not yet fully understood ; but this much | 
‘Seems certain: to the writer, that it is not susceptible | of being changed or ar 


be gery, 


improved. to any notable degree. Tt appears to lack the adaptability to new 


conditions of flow that is possessed by the unstable, meandering course 


in the future than at. present. This: is because the channel cross- 


“Baton Rouge, and probably cannot be made to ‘carry | appreciably greater flood a 


section and the relations of depth to width are already ‘such as to provide, | 


6.4.8 x: ke 


with the slope to sea, near approach to a maximum n efficiency 
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— materially its channel capacity by pecubing: for this could be accom- of | 
4 plished only by raising its flood level considerably between correspondingly tha 
high levees; but, Mr. Klorer* has” pointed ‘out, a considerable increase in tha 
levee height is precluded by Che wsiiall supporting power of the soil, the limit tak 
‘@ which is now almost reached. It is important, moreover, to note that no the 
material ir increase in the capacity r for flood. discharge has been brought about by _ 


greater flood heights produced by the progressive completion "the levee : = 
ng | been Practically | nullified by the lessened 


the effects for ha havin 


ci iple relied ¢ on by thio Mississippi River Commission, that an alluvial stream, 


7 gi iven enough time, | will | scour out a channel to accommodate its flow, although 
7 ou nquestionably sound in its generality, appears, therefore, not to be applicable 
; a follows tl that, inasmuch as the completion of the levee system is | demanded 
5 
for the protection ‘of the lowlands up stream, “some other expedient ‘must be 


of, them are ground up into products. and thus 3 in 1 suspension out 
to the Gulf » OF, whether lodge and accumulate it in 1 the e mea indering part 


Te esorted to along the lower river in order to dispose effectively of the « excess a 
flood waters which the main channel cannot carry off. The river itself has | ri 
pointed the way to the solution. _ If it is not to be permitted to rise over its - 
leveed banks and find relief by overflow, then n it will burst through at some 
point of v weakness and. discharge through a crevasse. logical plan. to 

To some the spillway plan has" always seemed- to be 
4 expediency measure’ ’ of doubtful virtue, but it is not at all improbable that, : ‘ 
7 in the end, the flood Saale of the Lower “Mississippi will be solved by an a 
Pa expediency measure of some kin d. It will be essential, however, in any event, 4 
that the | decision to adopt such a ‘measure shall be reached through a mature = 
4 - consideration | of all the facts involved, the physiographic « as well as the purely a 
ol hydraulic, Nothing would | be more helpful this connection and nothing 
A would afford a a better insight into the ultimate nature of the effects that are 7 
es. likely to result, , than a series of judiciously y planned experiments in 4 hydrauli i. 
as _ Thus; far, only the question of the disposal of excess flood waters has been .. 
considered, In addition, already pointed ‘out, ‘the stretch between Cairo” a 
and Baton is encu mbered with immense quantities of coarse sand. 
Iti is pertinent to consider what will happen to this heavy load when the river ; . 
-. = at] last i is entirely confined between levees and compelled to carry off its entire a" 
flood discharge, without relief by lateral overflow. Will this load of sand, 
x because of the increased transporting capacity of the confined flood waters, 
re be carried farther and farther down ‘stream, thereby upsetting the 1 relatively :. 
orderly and tranquil flow of the waters in the lower course? to, $i 
Freeman suggests that the travel of the sand grains: dow wn ‘the river 


Am. Soc. C. E., 1923, p. 1159. 
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| 


of the river’s: - course, thereby gradually raising the bed. 


that these questions have not yet been investigated, sufficiently, at least, 80 
that it is clear whether ¢ or not aggradation of the coarser ‘materials has been 


“taking place on any large ‘scale in the section above Baton Rouge? From 
“the 8 ‘point ies the the question i is a vital one, for, if 


the limit ‘of this depositional work has ‘not hitherto 
"progressed noticeably down stream, it seems entirely probable that hereafter, 4 
a result of the increased transporting power of the confined flood waters, 
“the coarser materials will be carried farther down stream and the unfortunate 


“shoaling and meandering tendencies to which they ¢ give rise, will be imparted 


progressively to the lower river. The distance from Baton Rouge to New 
is so great that no immediate apprehension need be felt about the 


menace at the latter points nevertheless, the sooner the problem is ‘studied, the 7 


by laboratory expaviinents, “would be of value. ban: 


Several other matters might be considered as s pertinent in this connec- 


“physiographer i in devising plans solution; and the fant’ that these 


investigators should have at their - disposal the facilities of a specially designed : 


= conclusion, the writer desires to express the hope t that. there will be no 
inclination on the part of engineers to resent his suggestion that the physi-— 
ographer be wt and given as share of the responsibility i in making the 


‘Mississippi safe a and useful to the nation. All - the phenomena of stream flow 
and channel building, all the features of a river’s 3 bed, banks,  flood- plain and — 
delta are physiographic. What else are they? Physiography is that branch 
of geology 1 which deals with the origin and development of the : surface fea- 


tures of the earth. Pre- eminent among the agencies that. are active in model- a 


ing the land is running water in the form of streams. It follows that of neces- 
“sity the physiographer devotes a considerable share of his attention to = 


activities of streams and the consequences thereof. The special problems that 
- arise from the interference of the action of a river with the | purposes es of = 
tion are, therefore, properly i in his province. 


Providing that a National | Hydraulic Laboratory is established i in os 
with Mr. Freemans suggestions, it would be desirable to e on 
+ staff not only a a physicist competent to deal with the phenomena of ‘iad 
- physics, but also a physiographer versed i in stream flow, channel building, and aa 


sediment _ transport, to whom a river would be not merely a mass of water pee 


flowing in 1 an o “open channel, ‘approximately in accordance with empirical 


formulas, but something to a great, living, pulsating organism, the 
complex functioning of which i is conditioned by 1 many geographic and 


factors, and which has been evolving” for many ages. The Mississippi will 


Be 
never be thoroughly understood until it is. studied from this angle. 3 
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d long ago : realized this, and went to - considerable: trouble to gather 
all the geologic ; information that vvas available in their day. _ Unfortunately 


geologic science in the middle of the Nineteenth Century was still quite 
‘tie mmature and could benefit the investigators but little. _ Practically nothing 
was known of the islet ice sheets | which in recent times, considered from a 


“not been considered in how the great volumes of water m these ice | 
sheets: instrumental i fashioning the valley of the ‘Mississippi above 
Cairo. and its broad flood-plain beloy ow that pe point. Neither was there an 
quate: conception of the slow “diastrophic” rising ‘and sinking movements 

7 that are now known to. affect the crust of the earth, nor had the Mississippi 


3 region been studied with especial reference 1 to the effects produced in conse- 
quence of movements of this type. As for sx physiography, or geomorphology, 


as it is sometimes, and perhaps better, called, it came into existence a quarter 


a of a century | later, with the ¢ classical studies of t Powell, Gilbert, ‘Shaler, Russell, 
and Davis. However, now that. physiography, gilaciology, ‘and the other 
: branches of earth science here concerned, are approaching maturity, there is 


reason to expect that they | will be able to contribute much to the understanding 


4 


‘Some investigations, the writer have recently. been. made in the 
Mississippi ‘Basin by a well known geologist at the Tequest of the Chief of 


_ Engineers | of the Army. - Whatever their nature | or scope may be, it is hoped, 


that. they will mark ‘beginning of a comprehensive pose and physi- 


 ographic ‘survey of f the entire Basin. 9 
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M. Sanvorp,t Mi Ais, Soc. E. (by letter). +—The writer offers 


Specifications for Bridge Design and Construction. 
Combined Stresses—In Article 121, the specifies that members 


TENT: ATI IVE SPECIF ICATIONS STEEL HIGHWAY 


SUPERSTRUCTURE 


Su BMITTED D AS A PROGRESS REPORT OF THE SPECIAL CoMMITTEE ON “a 
SPECIFICATIONS FOR ‘BRIDGE DESIGN Const 


By M. ‘Sanrorp, O. H. Aumann, S. TimosHENKo, G. B. 
D. B. SremMan, w. CARPENTER, and Henry B. Seaman 


| 


the following observations | relative to the Tentative Specification for Steel 


Highway Bridge Superstructure,§ as presented by the Special Committee on. 


4d of brow Don 


subject to combined stresses shall be proportioned so that the combined fiber 
stress w ill not exceed the unit stress given in . Article 201. — In the Specification 
for Steel Railway - Bridge ‘Superstructure, the corresponding clause that 


The Railway Bridge Specification, would appear. to allow 16 000 lb. per sq. in. 
on a compression member if it is also subject to bending. This seems to be a 


IX 


a manifest absurdity, inasmuch | as. the allowable unit stress on a a long column 


might be as low as 8 000 Ib. - per sq. q. in., whereas the addition of a small eccen- 
trie or ‘ bending load would make 16 000 Ib. the allowable unit fiber stress. _ le 
Bun In ‘the clause under discussion, the allowable unit stress } might be | taken as 


“the allowable bending stress or, alternatively, as. the allowable compressive 7 
_ Stress, and, to this extent, it appears to be am nbiguous. On the other hand if 


opting a clause that appears to invite trouble and certainly would be 

pe Unit Stresses.—The writer believes it would be preferable to use the phrase, 


“compression. members”, instead of “compression on columns”. use of 
the limiting rabae for a fiber stress of 1 14 000 Ib. per sq. in. on ‘compression mem-_ 
bers i in accordance with the prevailing practice seems to be expedient and a 


simplication for the designer compared with the use of a limiting value 


+ Pres., The Rochester Nash Co., Inc., Rochester, Fass AS 
t Received by Boe November ' 7, 1928. + ais viene 
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_ DISCUSSION : SPECIFICATIONS FOR STEEL HIGHWAY BRIDGES [ [Papers 
For special ate having | a higher yield point than that of standard struc- 


tural steel, the specification provides that, in the column formula, the frac. 
‘tional part of the denominator shall be increased in proportion to the higher 


int. The fractional part ¢ of the denominator i is unquestionably = 


, would decrease the allowable ‘unit fiber stress. This is 
doubtless q contrary to the intention of the Committee. 


Compression Flanges of “Beams and Girders. in Article 


203, 16 000 — 150 - =; , for the unit fiber stress in beams and girders, discloses 


d relationship. if = = 6 ft.1 in., and b = in., , the édtoWable fiber 


stress is 14175 Ib. per ‘sq. in., "whereas » if ft. 11 ix in. and. b= 6 in, the 


allowable f fiber stress becomes 16 000 wb. per sq. in. Ino other: words, a change 


om Iti is known ‘that 1 material does ‘not a act in any such. arbitrary manner, 
and it would seem to be possible to adopt a better rule than ‘the one give en. ‘ The 


‘Fleming rule of 19000 — 250 hen — 12, with a maximum of 


16 000 Ib. per sq. _in., would appear to be an improvement. defen 
_ ee Rigid Members —The writer believes that the word, “preferably”, in Article 


a Net Sections.—The Committee’ 8 formula for net sections, given in - Article 


306, may be theoretically accurate and may be of advantage in the investi: 
ithe unusual details. For general practice, however, it has several dis- 
advantages. It is improbable that the detailer would obtain the exact pitch 


S and gauge anticipated by the ‘designer, and the added complication is an 
objection, fing oldewolls sds O00 OF Tow ‘beat 
As an alternative, , the writer suggests the following: 


ov “Where the spacing is less than rivet all 


holes the center to center distance of which longitudinally is less than the 
distance, shall be deducted to obtain the net section.’ 


This rule, ‘alth not as as ‘that of Committee, with 


_— and is more likely to be observed, It is believed that it would be sufi- 
ciently accurate for ordinary construction 


Maximum Length of Rivet. —The writer that ‘older specifics: 
- tion that rivets the grip of which: exceeds four diameters shall be increased 1% 


for each additional zs in. of grip with a maximum grip of six diameters, is 


not ‘improved o on n by the specification, given in ‘Article 308, which 3 allows rivet 

Ne Latticing i Compression Members.—The rule as | given in the Carnegie 


“Pocket Companion” to the effect that latticing shall be proportioned to resist 
of shearing stress, equal to 2% of the direct stress would be on the safe side, 


Son 


‘amply accurate for most. purposes, and a considerable simplification over the 


nef formula ¢ given by the Committee in Article 817. fi 
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_ Article $37.—The Committee might improve o on its wording where it speaks — 


wal Compression M embers.— —For low trusses: it would appear to be =a 


to reduce the allowable unit stresses more than | that evidently intended by 
the Committee in Article 204. Unless a spertionl truss member is extremely — 
rigid, it does not give full and complete lateral support for the top chord and 


a deduction similar to that g given by t the old New York Central Railroad — 7 4 
fication for ‘through plate girder spans might be an improvement. 
Camber.—The writer believes the Committee’s specification in regard to 
camber is rather ‘unfortunate. If an ordinary highway bridge is to be cam- an 
bered, “it would appear’ best to produce such camber by a change in the } 
ineceetel shape of the truss rather than by the method proposed in Article 340. —- : 
The proposed method is conducive to unfair holes and open joints at the splices oF 
as the dead load is small in ‘proportion to the live load, and the dead load 
deformation is not sufficient to bring the: truss to its ‘uncambered | shape. at co se 
 General.—It might be well to amplify ‘the specifications, making | provision 
for proper skid rails to prevent a car ‘or truck hitting a truss member. © sural 
i On deck spans, the ere provision of a eutb 8 in. high i is not a sufficient 


AMMANN, * Aw. Soc. E. “(by letter) tentative 


tions for steel highway bridges proposed by the Special Committee on ‘Specifica- 
tions for Bridge Design and Construction, again bear evidence of the thorough - 
manner in which American engineering practice is being unified and ‘standard- 7 


ized. In so far as they a aim at uniformity of strength and serviceableness, these 
ipicificationa’ cannot be endorsed. too strongly, and it is to be hoped that, 
through co- operation | with other National associations, which have already 


compiled specifications « covering the same ‘field, further unification - may event-— 


It appears ‘however, to call attention to the danger of too 
reaching standardization when it affects: features” of design in’ which 


judgment, | ingenuity, or taste of the engineer should and may have full sw 
as long he adheres to those which assure the required strength 


Sox 
and rigidity. “Standardization has become a a 1 dangerous adversary of progress”, 


is the recent warning sounded by one o nodern scholars. gory : aa 


a Such features as type of bridge to be used for certain spans may well be 
omitted from the ‘specifications « or modified so as to permit. of broader interpre- 7 
tation, the more 80 as there are types: ‘available other than those mentioned, —_ ; 


Likewise, the minute prescription of type ‘and’ arrangement of ateral and 


‘sway- bracing does not appear to be justified, in view of the fact that other 
pol hoenog 


systems or arrangements have proved to be effective. 


ani 
ese The depth ratio of girders and trusses is another feature which does not 


ia 


- assure re what is intended, — a uniform minimum degree of rigidity. ‘Even | 


= Cons. Engr., New York, ‘ 
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DISCUSSION : SPECIFICATIONS FOR STEEL HIGHWAY BRIDGES [ Papers, 
“ for a given depth ratio, the rigidity, anim measured by the deflection, depends 
_ greatly on the quality of material, ratio of live load to dead load, and type of 
truss, 80 that it would be more appropriate to prescribe | limiting values for or the 
deflections and allow the designer to assume the proportions accordingly. 


Although not specifically stated, the proposed specifications are evidently 
to highway nf ordinary size and type and for such they will 


they would be wasteful spans longer than about 800, -ft., or even for 

accommodating more than two lanes of traffic. te tine 


As ted by the writer in : his! discussion*. of Committee’ ‘Specifice 


written, which will ‘embrace bridged of all. sizes. Tt may be properly : arguel 
tht 
- 7 that langer bridges are few and should be | left to ‘the | specialist. j There i is 0 


yes _ however, why a committee of experts of the Society should not state 
7 the fundamental requirements | which will cover the design of bridges in the 
on broadest sense and thus: also ‘obtain much desired uniformity of strength for 


larger bridges. Such requirements imply the adoption of high unit stresses 


4 a such as those generally recognized as proper for large bridges, and the specified 
; A. 4 live load and impact a are to be selected dso that, for small bridges, they will cover, 


a with a good 1 margin for future increase, the heaviest actual loads and their 


impact but. that with increasing width and span length, they will 


 jeavan commensurate, with the decreasing density and average intensity | of 
a the load combinations. under probable conditions. ‘This decrease in the speci- 


fied load should be much greater than that provided for i in n the proposed Speci 


a an 1 average of 10 and rarely, if. ever, Ib. per 8a. a 


While engaged in recent years in the design. of some large bridges with 
Gustav Lindenthal, XM. Am. Soe. Cc. E,, the writer has had occasion to make 1 a 
thorough: study, of individual loads, load combinations, “actual loads on 
large bridges, together with their effect. on various parts. of such structures. 

As a result, a simple load specification ‘was written which, with . uniformly high 
ae ‘unit stresses, ‘resulted i in a consistent J proportioning of all parts affected by the 
a a widest range of load, from a single concentration to a combination of 34 lanes. 
a r of traffic of various kinds and more than 3 000 ft. in length. It would lead too 
 .. a far to quote these specifications, and it is not the writer’s intention to recom 
= mend at present radical changes i in the proposed specifications. _ They have to 
+ cused. for the field they cover, but it appeared to be advisable to point out 
their limitations and the feasibility of specifications of a broader scope. 
‘The following suggestions for a modification. of the loading: 

are made, therefore, in connection with the unit stresses as proposed. _ grin 

‘The: proposed live load is unnecessarily cumbersome for conception and 

app plication. The wi writer would prefer a multiple of the same load on each 
ee. trafic, and ‘similar or proportionate loads" for ‘different. classes of 
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‘The loading propcéed by Mr. Harold D. Hussey* appears to be simple and — 
quite suitable, and its designation by a class index, as hi has become ote 
with railway loadings, is particularly commendable. The « only objections which 

the writer has to that loading are that it resembles too much a uniform train — 
load with an engine at the head and that the: calculation of stresses in all spans’ 
is affected and complicated by the concentrations, unless elaborate tables” of 
equivalent uniform loads are available. _ Furthermore, the loading, s as ‘proposed, 


hey will 
design, 
shorter 
peeifics 
cannot 


width of bridge 01 or number of lanes of traffic. arti 
pit In order to overcome these objections, the writer would recommend the fol-— 


For Class. A bridges, ‘on each | lane of traffic, 10 ft. wide, a 2 loading, , which m may 


be designated as as T-25, consisting of either eyeing 25-ton truck or a uniform 
load of 250 Ib. per sq. ft. multiplied by the following coefficient of reduction for 


or 


This uniform ‘amounts: to 200 Ib. for 33 ft., 150 for 100 ft., 
and 100 Ib. for = 300 ft., 50 Ib. per sq. ft. 


For more than one |; lane of traffic both this single truck iad. and the uni- 


stresses, 
specified 
ill cover, 


nd their Mf form load should be multiplied by the following coefficien 
hey will Puumber of lanes of traffic, n: 

ed —a This bein amounts to 10% for 2 lanes, 23% for 4 lanes, and 329% for 8 
consid: 


lanes, and approaches asymptotically 50 per cent. With this loading, only 


not spans to about 60 ft. are affected by the concentrations; for longer “spans 
only uniform loads have to be considered. The stresses may be calculated 
ges with HF tho same load and finally multiplied by the coefficients previously given. 

» make a For Class B and C bridges, the: writer would recommend proportional Joad- 
ings, say, T-20 and T- -15, respectively. the width of roadway is less than 
ructures. 


4 multiple of 10 ft., the load may be reduced proportionally — but, if possible, 
not, less than 10 ft. should be allowed per lane, in order not impair the 


_ The specified impact allowance is probably as good as any which may be 


proposed, _in view of the incomplete data available, but, again, the writer would — = 


recommend a reduction, if the number of lanes of traffic, n, is greater than 7 


mly high 
by the 
34 lanes 
lead too 


recom: 


have to Wes bas jtimil ag? woled 
oint out Mm by multiplying by a coefficient, C, = =. This reduces the specified ‘impact 
fications % forn = 2, 51% for n = 4, and 36% for n= 8, and approaches asymp- be 


and 


of 
swab 0 _ _* “Proposed Loading for Highway Bridges”, Proceedings, Am. Soc. C. E., August, "1923, ; 
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clastic stability is involved. The proper solution ‘this question for steel 
: structures, especially for those of steel of greater strength than that of | struc. 
q tural grade, is of great importance because with increase in the strength of 
_ the material, the cross-section of the members ¢ and the thickness of the Plates 
can be. diminished and a combination of conditions — conceivably may be 
‘established from which failure will occur through sidewise buckling of the 


compressed members or plates | rather than through the flow of material under 
a direct stress. In order to emphasize the importance of these points, the fol- 


A | ‘The simplest and most important problem involving elastic stability i is the 


design of ‘columns. In. order to determine the working stress, in pounds per 
- square ne of sindtadvente composed of structural steel, the w ell known Rankine 


members composed of of greater strength than structural g grade, 


. the allowable stresses may be increased in propor tion to the higher yield point 
of the stronger steel, provided the yield point is not more than 70% of the 
ultimate strength. In the column formula, the fractional portion of the 
denominator should be increased in the same ratio.” 


_ In considering this adjustment, it is necessary to distinguish between two 
classes of compression members, the wide ones and the slender ones, the first 


failing by flow of metal, directly compressed, ‘and the second by 


“4 due to the deflection of the compressed. member. 
. Tie ‘may be expected that, for members of the first. class, the proposed increase 


- of the allowable stress will be in 1 proportion to the increased ultimate strength 


94 


may occur at are the elastic lim Lit that the 
ultimate strength o of a column only on the of the modulus 


Consider, for two columns’ w the same slenderness ratio, - — =12, 

 ¢ one of structural steel and the other of steel of greater strength with, sa say, 


twice as high a a yield point. Assuming that the ends can rotate freely when 
_ - deflection | occurs, it is easy to show ‘that, in both cases, sidewise buckling will 


‘occur at compressive ‘stresses below the elastic limit; and inasmuch as the 
moduli of elasticity of the two materials are ippunttouty’ equal, the ultimate 
~The proposed column formula gives” for the second column an allowable 


stress 32% greater than for the first; on the basis of the analysis given, this 
not appear to be justified. 


ro In the case of built-up columns, so extensively | used in steel structures, the 


* resisting capacities are always less than those of solid columns with the | same 
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— , for instance, the case of Fig. 17. moe The ultimate strengt th o 


lntticed column is less than that for a corresponding solid column in 


yop 


— 


_ 


— 


' 


= the ‘modulus of clasticit 
"eos alt A = the area of cross-section of lattice- -bars; 4 


columns with freely rotating ends, being the mom 


It is easy to note that, in those cases where insufficient latticing has been 
"provided, the ultimate strength of the latticed column will be far below the 


“strength of colum nn that has the same value of 


203 


tte 
the is proportioned i in manner as to resist a force 
Sant The formulas given herein, and the numerical tables, except Table 8, are from the 
In Kies Papers on elastic stability published in the Bulletin of the Polytechnical rnetieate, 
in Kiew, 1907-10. For a French translation of one of these papers, see, Annales des Ponts eg 
et Chaussées, 1913. The writer’s papers on the same subject, published in eee appear — = 
in Zeitschrift fir Mathematik und Physik, 1910, and in Der Eisenbau, 1921, 


aa It is assumed that the ultimate stress is below the elastic limit, 
t The insufficient latticing of compressed members was considered a primary cause of 


§ Proceedings, Am. Soc. C. September, 1923, p. 1888, Article 317, of the Tentative 


*s 


this 
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— 
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_ which is the ultimate load according to the we own Kuler formula tor solid — 
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‘then n the area of cross-section of the lattice 


subs bstituting Formula (5), in Formula (2), the following ratio. ‘is 


; Take, for example, p = = 16 000 lb. per sq. in., E = = 30 000 000 1 lb. per sq. 
the ratio of the ultimate strength | of a latticed column to a at 
slender nns, this | ratio 


differs very little ‘that: is, the proposed formals of Artide 
201* (Formula (1)), combined w ith | Formula (4), in this case gives satisfactory 


j The ultimate strength of built-up in which are used spacing plates 


of a corresponding solid eating will be - 


ub = the distance betw een the axes of battens; 


the ‘moment of inertia of cr cross-section “of a the 
vi il 
through its center of gravity and parallel to the y- axis; and 


Beast the moment of inertia of the cross- -section of a batten about “ 


horizontal ax axis through its center of gravity. 


8 Numerical Example.—For instance, in the case of a cross-section consisting 
of two 15-lb. 10-i -in. , channels,t assume that l= 30 ft., 36 in., = 7.3 in, 


thickness of battens = = in, and the width ‘of battens 9 in. Then, ‘the: 
moment of inertia. of the cross- -section, calculated as for a solid column, is 


2, 3, = 45.6 (all j in inches to ‘the fourth power). 


Lig 
sf Brn, Substituting in Formula (6), it will be found that the ultimate strength of 
gq the built-up column is equal to 0.82 of the ultimate strength of a corresponding 


a Compression members of variable cross- section. will now be | 


Te at In denote the Moment of inertia of cross- section, _m-m, and th the 


_ The ultimate of such a 


or battens on only (Fig. 18), is less than that of the e corresponding solid col umn 
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member will be less than that of a column of constant cross- -section with a 


moment ‘of inertia, and can be ‘calculated as for a ‘member of constant 


cross- section with smaller moment of inertia by the formula: 


I,= fy. Cm Tn this case, fy i is a samuel factor, less than unity, ‘the magni- 


tude of which bscaazennco on the value of the ratio, —*-. Some numerical values — 

of this tor are giv ven in Table 8. 


ee using Table 8 in conjunction with Formula (1), the paula stresses 


‘for ¢ a compressed member of variable cross-section can be easily calculated. i 
er Tn the case of half-through | truss, ‘spans, Article 826* of the Tentative 
Specifications, it is s proposed, in 1 order to prevent . sidewise buckling « of the com- — 
pressed top chord, to proportion the vertical truss members and the floor- -beam 


connections b the formula: 


a is rather difficult to rs this form 
“strength of a compressed top chord 3 on i its flexural rigidity on = 
-Tesistance to deflection of the vertical truss members, rather than on the 
“area, A of the eross- chord or on the of 

th Consider, for instance, 
height, h having a uniformly distributed load, ¢ (Fie. 20). 


‘pressive force at the middle of the chord a will be equal to ‘Sh 


q 


formula. 


> oxi 


magnitude of factor, depends on the flexural rigidity, ‘EL of 
the top chord i in a horizontal ‘plane (Ip being the moment of inertia of the top 


t 


chord: about a vertical gravity y axis), and on the resistance which the vertical — 


Members offer when buckling | 0 the top chord occurs. This ‘resistance is 


Proceeding s, Am. Soc. Cc. September, 1923, 1389. 


645 0.81 860 | 0. 0.982 | 0.965 = 


= 
= 


{ 
Papers, 
‘hy. >», § 
18 
» | 
of 
fo = | (0.545 
a) 
4 
060 
utimate strength of the top chord can be obtained trom the usua column ~ 
| he q 8 
sidered. 
I, the 


1 ‘unction of the quantity, k = — > in which Q denotes the lateral force that, obt 


‘if applied to the vertical member only at the top chord hanal ‘Potint (neglect. 
ing for the moment, the horizontal r resistance of the chord), produces : a lateral B 


deflection. of the vertical member equal to unity. Assume that the rigidity, an¢ 


‘EI = of. the top chord is constant; likewise Q, and, therefore, ke ‘Then, using the 
t 


the factor, , as argument, the coefficient, of reduced length 


values of the coefficient 


mM 
Tr) 


Pa) 


— 


bu 


15 56.5 100 | 200 300 500 | 100 ne 
ue fx = | 0,694 | 0.524 0.443 | 0.896 | 0.868 | 0.824 | 0.290 | 0.259 | 0.246 | 0.225 | 0.204 | 0.11 i 


4 _ By using ‘Table 9, ‘the reduced 1 length, L can i bas calculated from Formula At 


(8) and afterward - the e working stress can be found from Formula (), as for bu 
a simple compressed member of length, 


the design of compression members of large cross- sections, the ques: 
tion of buckling of compressed plates” may be of practical importance. Con- 
‘sider, for instance, a ‘compressed member the er cross-section of which is. given 


= Fig. 21. By diminishing the thickness of the column wall, the member 


will fail under compression | by the sidewise buckling of plates themselves and 


not by the deflection of the column as a whole. The sides may be considered 
as long rectangular plates with free supported edges. The ultimate strength 
plates: in compression on the ratio b io between the thickness of 


= be i 


m denotes Poisson’ n’s ratio. Then, the stress, in the 


Take, for for instance, 


of 

b= = 30 in. 3 ; the he following is obtained, 2. = per sq. in, 
Py = 30.000 Ib. per sq. in., that is, the buckling of this plate occurs at stresses 
- within the elastic limit of the structural steel. In the case of a ‘compression 


“member, the cross- section of which is represented in Fig. 22, the ultimate 


strength: against buckling ean be calculated by using the formula for a long 
‘rectangular plate with: one edge free. and the other built in 


as 
a 
a 
=. 4 = 
analytl 
i} 
is 
| 
| 
A 
4 
4 
] 
B 
if 
— 
= 


ce that, 

neglect. 
lateral 
‘igidity, 


1, using 


stresses 
ression 
Itimate 


= 


= 20 in. the is. 


obtained, Do= 16 900 lb. Nn in., and ; Du: = 29 500 lb. per sq. in. W ith a 


decrease In in the ratio, + , the magnitude of Py decreases in the proportion, — 


and becomes, in the case considered, almost negligible. a] In order to increase 


the ultimate strength, it is necessary to rivet stiffener angles along the free _ 7 


_ With re respect to the strength a against buckling of the web ¢ of a plate girder, - 
the required thickness of the v is dependent on the maximum shearing 


stress. Such’ webs are usually of “insufficient thickness to prevent sidewise 


buckling and, therefore, re require the substitution of a heavier web, or the addi- 
tion of stiffeners. Usually, these changes are made withot at considering the 4 
stability of of the stressed web, and types” of construction with widely varying = 


factors of safety result. For example, the plate girders of the Nev ew York Con- — 


necting Railroad, with : a span, L = 100 ft., and a height, h = 10 ft., have a 


web thickness, ¢ = § in., , whereas, in the ease of the Canadian Pacific Rail- | 


i 7 
way, with “nearly the same height, the web ‘thickness « equals % in. near the 


supports and only in. at the middle. These two plate girders, both. satisfying 


American specifications, have very different factors of as with regard to the — 


buckling of the web. _ 7 


from a consideration of the ‘stability of the 
stressed web. Near the supports, the shear-_ 
ing force is the most important factor; 
_ therefore, the part of the web between two : 
stiffeners ¢ can be considered as a rectangular 
uid. 24. plate with supported edges, ‘subjected only 
to the action of shearing (Fig. 28). The 


The critical value of the can be the 


in which, the | same meaning as before (Formula 9), and is a 


“given in Table 10. 


A 


ean = 30 000 000 Ib. per sq. in, m= = 0.3, and b= 
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insure the stability of the > web near the supports. 


ing is s obtained: 


— Using a factor of safety, 2, it is easy to show, by —_— 11, wt in both 


examples of the plate girders, previously 1 mentioned, thickness of of ad in. 


11.—CriticaL ALUES OF SHEARING 18 PLATE | 


VING STIFFENERS 


7 7 730 10 | 400 


to dew pri ta yr 


of the stiffeners, which assumption will be true only when the ‘stiffeners have 
sufficient flexural rigidity. 


The necessary magnitude of the moment. of. ‘inertia, of ‘the 
about a gravity axis parallel to the web can be calculated from anit on 


approximate formula: 


a h. values of f, are Table 


CEG 


i. 


"Assuming, for instance, that b 


4 
e the middle of the span , considering normal stresses only, the part of te 


value of ae maximum ‘normal stress will be: 
» depending a the of the ratio, 
are given. in Table. <4 at 31% 
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_ Computations will show that the e critical stress vat varies little with the ratio 


b:h, and that the placing of stiffeners close. together at the middle of the | ‘Span 
will not affect materially the stability of the web. ho 

ik practice, the ¢ critical | stresses will be somewhat greater ‘than those ob- 

from the given formulas, due to the rigid fastening of the edges" 


was assumed that the edges were simply supported). . Nevertheless, it is 


probable that, in some cases, buckling of the web occurs under unfavorable load- 


ing conditions. ‘! This buckling does not represent an immediate danger to the | 


e G. B. W OoDRUFF, *M. Am. Soc. C. E. (by letter) +t— Referring to the loads 
‘a unit stresses, as proposed by the Special Committee on Specifications for 
Bridge Design and Construction, the writer believes it would be desirable to 
‘increase the unit stresses by 40% and the live loads i in the same proportion. — It 
is uneconomical and, therefore, faulty engineering, , to design for the heavy 
dead loads | of present-day highway bridges at the unit stress of 16 000 Tb. per 


sq. in Such requirements lead to making the floor construction, on which 
the life of the structure largely depends, as light as ; possible, whereas good 


flange rivets near the stiffeners—an undesirable condition. 


wes 


The detail loadings: proposed i in the specification are cumbersome to 


connection with 40% increase in unit stresses, the writer would 
propose a 30-ton truck followed by a ‘uniform load of 1000 Ib. per lin. ft. for 


each 1 lane of traffic. In order to” eare for the permissible reduction in unit 


loading with increasing widths of roadway, the formula, K = , is sug- 


gested, in which K is the proportion of stresses from one lane of traffic carried . 

one truss, is the: of roadway, in feet. pel 1 

be Article 7 is tor 

the requirements tty plate girders and rolled beams. | A ratio of — for plate 

Article 8 8.—Clearance. —In order to allow for the overhang of wide truck — 

bodies, + the clearance line should be back not ‘less. ‘than 12 in., and prefer: 


in, _ from the 


Article: 101 —Dead Load. —A 
being built have 


girder, but it does cause an over-stressing of the girder flanges: of 


5 
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. care for this , contingency, it sigh be desirable to specify. an excess dead load 
ij 1 bis 
of 25 Ib. per sq. ft. of roadway for bridges with such floors, 


__ Distribution of Truck Ww heel Loads.—This section is very complete, but it 
would be desirable to make it more concise by the use of formulas. It should 


be extended to cover distribution of wheel loads through concrete slabs. kes et 
_ Article 11 13.— —I impact. .—The term, 1, should be replaced by nl, in which n is 
‘the number of lanes of traffic on the bridge. It is hardly logical to provide for 
_ more impact in a floor-beam hanger than is provided in the floor-beam itself, 
‘The idea of using extra material in the hangers i is excellent, but such provision 

should be made in another manner, preferably by considering the hanger and 

Article 128. Secondary Stresses last sentence of this Article is 

“ambiguous. It should be omitted or prescribe in detail what secondary 


believes that, within ‘the prescribed limits of — of column 

= does not warrant any closer satan: than is obtained by that 


Splices.— —The requirement regarding full strength splices for | compression 


« members in Article 312, is rather ‘Severe. As far as the writer is aware, no 


trouble has been en experienced with properly. designed 50%” splices. 
ali Extra Rivets in Packing —Article 313 is very indefinite. The wording of 


the similar in the A. R. is ‘preferable. 


4 spans less hon: 50 ft. in 1 length. ~The allowable spacing of 
cross-frames should be increased to 18 ft. “order correspond with t bail 
allowable | 6 ft. . for s stiffener spacing. 4 


- full length of the girder, is not apparent to the writer. The specification for 
additional length + of cover- -plates is faulty, as it leads to such close rivet 


spacing as as to cut t the section more ‘than | necessary. ‘There i is no reason for 
the covers to be full y developed : at the theoretic end. The clause ealling for 
an excess length of not less than 18 in. is to be preferred. wT Bale dedi’ <8 a 
End Bearings—T he 1 length of span for sliding bearings should be extended 


to 90 ft. - Rollers are an expensive e detail, and unless. they receive more than 


% the usual maintenance, they generally become so ‘dirty an and ‘Tusty that they 


‘ fail to work and a sliding bearing results. _™ here rollers. are necessary, 6 in. 


_,* In conclusion, the writer would urge that an effor rt be made by all parties 
interested in bridge specifications to “get together.” Three highway bridge 


E specifications, ‘differing only in minor details, appearing at such close inter- 
vals, cannot be considered as a hopeful | sign for u unity of the profession. ad 


‘D. B. Srewman*, M. Ast. Soc. C. E—The need for standardization of 
highway specifications has long been The on 
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Paper 1 DISCUSSION: § 


Specifications for Bridge Design Construction hi 


itable work vl apne Tentative Specification, but a number of of 
features might be 


Ci. Perhaps the s section “Most open to criticism is wae covering “Live Loads.” | 


h nis ‘This division of 1 - the Tentative Specification leaves. much to be desired in 

de for respect: ‘to clearness an and simplicity, particularly from the viewpoint of. ‘those 
itself, | who have t to interpret and apply the clauses ir in ‘the actual work of design. tt - 
vision § $$‘The Comn 
or and of highway loading ‘specification recently presented to the Society by Mr. 
3 yc ‘Harold D. Hussey.* A loading system of this type, would possess distinct 

icle is advantages over the Committee’ s loading specifications ; it would offer greater 
simplicity, ease eof application, and generality of scope. Therefore, the ‘speaker 


i 6. ail would recommend the adoption | of Mr. . Hussey’s general sy stem of loading, 


Following Mr. Hussey’ sy ‘stem, with some x modifications, the = 
i oe recommend a specification providing for four different loadings, namely, T-25, 
y that § T T-20, T-15, and T-10; . the index number in each case designating the weight, Le 
— in tons per truck of tl the loading represented, - This would furnish a a range sufi- 
ression [J cient to cover the requirements of practically all the different highway bridges, 
ure, from the heaviest city br idges to the light structures ordered 
The unit roadway \ width, or width per line of trucks, as proposed by Mr. i> 
ling of Huey, might well be revised from 9 ft. to 10 ft. . Accordingly, the T-25 

‘erable. loading would consist ‘of axle concentrations of 10 kips and 40 ips, respec: 
ired in § tively, followed by a. uniform load of 1 000 Ib. per lin. ft. per 10-ft. wee 
sing of ‘width; T- 20 would consist of axle concentrations of 8 ips” and 32 a 
th the followed d by a load of bb. per | lin wou 
ng the bya a load of 600 Ib. per lin. ft.; 10 of axle 
ion for concentrations of 4 kips and 16 kips, _respectiv rely, followed by a uniform load | 
e rivet 400 Ib. lin. ft. . The load values and, the stresses, for 
son for . the different | ‘classes of. T- Joading would be directly proportional to > the index 
ing for uumbers of the. respective classes; § so that a single standard table or graph 
a of equivalent uniform loads could be used for all classes of T- loading. © iN 
ctended Another modification that may be. suggested for the “Hussey loading « 
re than J is the addition of a uniform loading in front of the truck concentra- 
at they ‘tions, this a s advance v uniform load being of the same intensity as that aa a 
y, 6 in. J follows the axle concentrations. This modification would hove. § the following — 4 
would afford a better of actual condi on n bridge 
roadways, where any local concentration of heavy trucks is preceded 
a8 well as followed by vehicles of lighter weight mod 
es 3 —It would facilitate the e calculation of stresses, inasmuch | as the load 
ition of sition for maximum | | bending moments w ill always be given n by placing te 
ittee on on 2 


heavier axle concentration at the center of moments. 


= ;, Am. Soc. Cc. oc. C. E., August, “August, 1923, 
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For spans exceeding 300 ft., the speaker would disregard the axle concen- 


trations of the ‘loading system, and advocate the: use of the re respective al 
— uniform loading as a continuous load. Accordingly, for the longer spans, the § XK 
7-25 loading would be 1000 lb. per lin. . ft. per traffic lane; T-20 would be 800 t] 
per lin. ‘ft. T- -15 would be 600 lb. per lin. ft.; and T- 10 would be 400 lb. 


In order to provide for the aobeel probability of full loading on spans 
of i increasing length, the speaker would advocate a clause specifying an appro- 
“priate: reduction of assumed loading for longer spans. For this | purpose, he 
would sugg zest a reduction of the specified loading by 1% for each full 100 & t 
ft. in length of span of more than 300 ft. This mn rule would give a reduction 
of 4% for a 705-ft. span; 12% for al 500-ft. span; and 25% for a 2  800-ft span 


In the manner outlined, complete, unambiguous, consistent provision can 
7 be made for four (or more) different classes of loading intensity ond, for all 


= 


In order to provide for different widths of roadway, Mr. Hussey’ - ea of 


aultiplying the stresses calculated a unit lane of traffic by a coefficient 
« 


guy the “number of traffic lanes in the roadway width can be fol- 


lowed. Accordingly, if the unit width (one traffic lane) is taken as 10 ft, 
the multiplier, or width coefficient, for any width, W, wo 


In the speaker’s 8 opinion, ‘modification | appears to be desirable in this fea- 
q ture j in order to provide for a reduction of intensity 0: of loading with increase 4 


width, taking into consideration the reduced probability of full loading 


wv 


on a larger 1 stipe of lines of traffic. When the width of roadway reaches 


4 or exceeds a a value of about 40 ‘there i is much less likelihood of all the 


lines of traffic being fully loaded at the ‘same time. To take this fact into 4 

account, the speaker would. suggest retaining Equation (15) for all widths up 


to 40 ft., and, for greater w idths, using a formula he to a Tine 


¥ 
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M. Am. Soe. C. E., to use a formula for all widths* be e adopted, 


m. Soe. C. 
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AY BRIDGES 


| This rule would give K= 3 for a 40-ft.. endbenins il K = 4 for a 60-ft. ial, 


ete., up to K => for an n 160- ft. roadway. The only difficulty with this 


lies im its application to to roadway w widths of less than 20 ft. For instance, 
at a width « of 10 ft. . (corresponding t to a single line of traffic), the coefficient, — " 


K, would become 13, but even this ; might be desirable in order to penalize 
the adoption of narrow traffic widths. _ The speaker, however, would prefer 
the specification represented by Equations (15) and (16), as that would make 
it unnecessary to take into ‘account. any reduction formula for the usual w widths 


‘For spans having three or more trusses or girders, and for those « carrying 


roadways, the width, W, in the preceding equations is understood 


to mean the width of roadway required to be loaded to produce maximum stress _ 
Lod The ‘Tentative ‘Specification appears to ) be limited in scope in 1 the ‘matter 
of roadway widths. No suitable provision has been made for widths greater 
than 18 ft., and no adequate has been given, apparently, to 
the much ‘greater widths provided in many recent designs. The foregoing 
sugg estions- for width coefficients indicate. how variations in roadway width 


may be consistently covered in the specifications » without 


of bridges, Glam, D, to carry electric railways, together with an 


fied d highway live load. It would be ‘clearer | and more consistent to segregate 
the classifications of highway and electric railway loadings, and to describe 


“vith another ‘specified “trolley loading. Accordingly, the graduated “classes 
of highway loading might be Classes A, B, and D, ‘respec- 


and a series of railway loadings might be designated 


of t using these alphabetical class symbols, it might be to 


greater clearness and flexibility, to use numerical indices of loading classes, a 
such as 25, to —T-10 for truck loading and L-50 to 25 for electric railway 

loading; ine each ¢ case, the numerical index expresses the weight of the unit a 
‘abicle, in tons. On this basis, a loading specification | of—T- 20, L- -40—w —would 

designate a combination bridge designed for ton, trucks and 40-ton trolley 


cars, Fig. 3* Jin the ‘Tentative Specification would be loading ‘diagram 
fs . 


The impact proposed by the Committee makes no provision for 

"eduction of impact from multiple lines. of traffic. 13 Such provision should 

; ~ and could easily be m . ma » made by adopting an an impact formula having in its denomi- = 


ator the factor, n, in which n denotes the number of lines of traffic. ' The 
Specification should also differentiate between the impacts on different kinds 


of roadws as paved floors, plank floors, and railway tracks, by. 
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_ DISCUSSION: : SPECIFICATIONS FOR STEEL “HIGHWAY BripGEs [Papers. 


a formula having i in its: numerator a —, varying with the character 


a The sections on materials in the Tentative Specification include the standard 


specifications of the American: Society for Testing Materials for structural 
carbon steel and for structural nickel steel. _ The 1e speaker w wishes to take this 
: erecting. of advocating the inclusion in the bridge specifications of the 
Society « of a section covering silicon’ steel which has supplanted nickel steel 

as the most efficient alloy for long-s} span bridges. - Silicon steel gives nearly ‘the 
same strength as nickel steel, at a much lower cost. . Manufacturers : and design- 

_ ers of long-span bridges have practically eliminated nickel steel from consid- 


- eration as an economical alloy, and have substituted other high strength mate- 
rials, the chief of which is silicon steel. ¥ In a number of large structures built 


a and i ina number of designs: for structures soon to be constructed, sili- 
con steel has been adopted : as the > principal material, ‘Thus far, no standard set 


of specifications has been written for silicon steel. There is urgent need for 

an authoritative ‘specification covering this material, and an excellent Oppor- 

tunity is presented for the Committee t to adopt a specification covering 


silicon steel, to be added to the sections covering the an structural materials 


oe Societies are working on n specifications for the design of riety bridges 


would be very ‘unfortunate if three different sets of specifications were for- 
mulated. - The other Societies are the American Railway Engineering Asso- 
ciation and the American Association of State Highway Officials. It is cus 


- gested that t the Committee, ‘unless it has already done so, co- -operate with these 
other bodies and agree on all essential points as far as possible. obra i fr | 


With reference to specific points in the Tentative dpc presented 


> 
‘the Committee, the speaker has one comment as to the suggestion of a 


suggest such a dimension. Although the. 12- ft. minimum is s intended fo one. 


Tine of traffic, _ it seems certain that at times vehicles would attempt to pass on 

s that width and that disaster would result . It is suggested that a a width of 

approximately 16 considered as the absolute minimum for highway 

are on the usual standard of 16 000 Ib 

; 4. in. in tension, which figure i is being criticized extensively as too low; this 

= is a valid objection, : in the speaker’ s opinion, unless it is thought that the load- 


‘ings will increase in the future beyond those specified. ‘The future dev elop- 


of loads is difficult to foretell, but should be, ‘and no doubt has been, 


the subject of much study by the ‘Committee. 


‘The | speaker notes the lack of ‘provision for designing in ‘material o other 
than steel (except « cast iron in a ‘minor capacity). No working unit stresses 


are given for ‘timber, which, of « course, is used extensively for r joists and floors. 


he 


i" Also, there are no clauses covering pavements of any kind, nor a any ‘regarding | the 
design of concrete — or other concrete parts. In regard to timber floors, * 
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Papers.] DISCUSSION : SPECIFICATIONS FOR STEEL HIGHWAY BR 

it is desirable to present a specification for construction that will not ‘rattle 


a Henry B. Seaman,* M. di Soc. C. E. —There may be one or two clauses 
of the Tentative Specification for Steel Highway Bridge Superstructure, ° which 
were an oversight, such as s Article 202 which limits the length of columns to 77 
100 or 120 times the least, , radius of gyration. / The Rankine column formula 


is applicable | to columns of indefinite length, a and should not be restricted _ 


except to ‘require a a ‘rigid member which would not vibrate under r passing loads. 

This limit might be placed at — = 200, or even greater. Ina an 1 impor tant bridge, . > 


cil examined, the length of columns was equal to— = 185, and these col- 


For the maximum unit stress to which short column of structur al 
may be subjected, the Committee first adopted 14.0 kips; but when it was real- 


ized that any steel of greater strength required a different limit, it was decided 


to make the clause general in its application. . It was placed, therefore, at the 
value for - which is_ correct and applies to 


stronger steels, tn fractional part of the denominator of the onli ‘Sancti: 


is also changed, , with the numerator, because, for very long co columns, the | 

strength must merge into the Euler formula. 

As the allowable stress in columns is limited to the value for 


80 also should th the allowable ‘stress in compression flanges: of girders 


22 

3 The restriction of the length of rivets to six diameters, in Article 307, is 
_‘based on the experiments made some years ago by the Erie Railroad Company. 
; ‘our series of tests were made on: First, rivets the holes for which were rough- 


punched ; second, rivets with holes punched and reamed ; third, rivets, hand- z 
driven; and, fourth, rivets, machine- driven. It was found in all cases that 
. to six diameters the rivets filled the hole, but : not beyond that length. Ifa ia 


‘Tivet fills the hole, it will resist full stress ; if it does not fill the hole, it a 


sia not be subjected to any stress. The clause sometimes used, , permitting © 


a graduated stress for long rivets, therefore, seems to be untenable. 


Cons. _Engr., New York, N. N. 
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By Rowey, Assoc. M. ‘Am, Soo on. 0, 


G. Roney,+ Assoc. M. Am. Soc. C. E. (by letter).{—It is unfair to com- 


pare. the railroads of the United States with the brewing and distilling industry 


= | because the t two enterprises have nothing i in common and their aims and | pur- 


: anc id benefiting of the public, which i is “supposed to bring a fair return to the 


oses are diametrically opposed. _ The former have for their purpose the se serving 


- - security holders, whereas, practically. no aim can be ascribed to the brewing 


distilling interests. than that of making money through the 


and debauchery of mankind, except, of course, the manufacture of alcohol for 


industrial purposes. — The: railroads are not in the same category as breweries. 
ind distilleries, and it: seems to be out of place to suggest the abolition of the 
former. The suppression of the beer and liquor- making industries was brought 


out as a natural consequence of right t prevailing over > wrong, because their 


roducts were harmful as as well as unnecessary, -y, whereas the railroads are neces: 


sary for the nation’s existence and welfare. 


_ The greatest trouble with the railroads to- -day i is not lack of regulation, but 


‘uch regulation. — Conditions like those under which the railroads are com- 


to be fatal to almost any ‘other industry. ry. In order to 


o£ 


a greater extent, without so interference from agencies, 
the present system, outside agencies determine he how much the railroads shall 


pay their employees, decide what they shall receive in freight rates, set a limit 

- on their earnings, and place many other restrictions. a This outside interference 


is not confined to the Federal Government alone, | but comes also from the 


governing bodies of each State, county, city, town, and village through which 
a railroad may pass. “The greatest . degree of railroad regulation occurred 


dete the recent period of Federal Control and, as this maximum regulation 

proved t to be such a failure, it is only just that a period of minimum regulation 

= follow, in order to demonstrate the economy and e efficiency with which a 
railroad may be operated when permitted to manage its own affairs. eel 


— Ith has been unjustly charged that the Government took over the operation of of 
1ilroad executives could not ot operate 


one eof was the all the of the 


* Continued from 1923, Proceedings. 
Asst. on Engr. Corps, Pennsylvania System, Pittsburgh, Pa. 
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‘DISCUSSION ON TRANSPORT AND TERMIN ALS 


in the World 1 War. Under the existing laws, it was not for 
tailroads to effect this consolidation, and it became e necessary for the -Govern- 
“ment: to do that which was not legal for the railroads t to do. . A single fact 


which shatters the charge of inability, i is that the | executives | were retained by ‘| ; 


men 

time to Detroit, Toledo « and Ironton | Railroad been set 
up as a model of railroad operation. e It is generally conceded that this railroad 
is, more or less, an adjunct to the Ford Motor Company, compared with which, 


it is of much less importance. a each of the railroad systems of the nation 
might have as a feeder a vast, prosperous industry intimately connected with 


| it, railroad. rates might be abolished and free transportation instituted. Grant- 


ing that the Detroit, Toledo and Ironton Railroad has been. efficiently operated 7 
and placed on a paying basis, its strategic location and the peculiar conditions | . 
under which it operates, however, make it an unfair criterion for the trans- : 
portation systems of the United States. ie would be ideal if all the vast 
mileage of the railroads | might be operated under conditions similar to those 
surrounding the Detroit, Toledo ‘and Ironton, the length of which is only about 
450. miles, an’ infinitesimal part of the total American railroad mileage. | 
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 PERTODIC F “LUCTUA TIONS OF RAINE ALL 


By Freperic I. ‘Winstow, M. “Am. Soc. boar 

-Freperic I. Winstow,+ M A. Soc. C. E. (by letter). +—This paper and 


ts deductions present what is probably ‘ie 2 strongest case yet shown regard- 
ing the correlation of solar | phenomena and precipitation. 


Age 


.  <A-similar presentation which appeared about twelve ye years ago in a French 
scientific journal, and abstracts of which were published — in American magz- 
zines, did not make a case sufficiently strong to suggest t the possibility of 


we? 


In order to certain scattered data bearing on the subject, 


_— question of cyclical variation of rainfall coincident with sun- spots 
has been very fully discussed by Blanford, so far as India is Pmnaticcnty ‘He 
points out the peculiar fascination such theories exert Over many minds, and 
.§ emphasizes the necessity for rigorous scrutiny of all such cycles by a 

general array of facts. He quotes from Russell in New South Wales to show 


4 for periods of two, three, Six, nine, ten, eleven, twelve, | 


‘found that the series be out, but this 
es After elaborately discussing the rainfall of India as a whole for two complete 
‘i a spot cycles, Mr. Blanford says: ‘It may therefore be confidently con- 
e cluded that the total rainfall of India, exclusive of that of Ceylon and the 
‘Burmese peninsula and (of course) of the seas around, affords 1 no evidence 
whatever of an eleven year periodical 
ae . 1a “An examination of the annual mean anomaly of the total rainfall of India 
os for twenty- -one years (1864 to 1885), indicates that such variations are acc: 
“A eomparison of the rainfall of separate provinces shows that in 1871, 4 
a lalla sun-spot year, the precipitation of the Konkan was 14.6 inches 
deficient, while that of Malabar was 2.4 inches in excess. In ten years - only 
+¢ out of eighteen did the four rainfall provinces of India have the same sigt 
“A similar theory as to the prevalence of droughts i in the years of minimu™ 
- sumspots, and of heavy rain at the sun-spot maximum has found many su 
porters. Blanford the record of sun-spots and droughts, and 
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Papers. ] DISCU 'SSION- FLUCTUATIONS OF RAINFALL IN HAWAII 


| 
makes the definite ‘Watement than there is no ‘dependence of the one class of 
phenomena on the other,’ since the record shows that not only do droughts | 
occur in India at other times than at the sun-spot maximum, but even | ‘some-_ 


Gen. Greely - further quotes: from Blanford as as to » the theory that ‘the t tem- _ 
ssadeali of the air ‘is subject to 
years in | inverse | order | to the number of of sun-s spots, stating that Blanford e exam- 
ined the temperature of India for thirty- -one years (1850-1880), | and ‘says, | a 


is evident that there is no indication whatever of an | eleven-y: -year period or any as 


other in the ‘temperature anomalies’ of India. ” Gen. Greely himself exam-— 


ined the. following representative _stations swith reference influence of 


| 
q 


| 


S 


| 


RAINFALL HAWAIL 
AVERAGE OF TEN STATIONS. 


i 


| on sceount of their widely varying and their 


_ Mentative ¢ of the v whole of the United States. Gea. further that: 


¥ ‘There w was as only one year in 1 which the - departures. of these stations had 
“the | same sign (1864), when there was a deficiency of rainfall at five stations. — 


an 
i bad 
q 
Ohio, Troy, N. Y., and Gardiner, Me., from _1857 to 1887, Cheyenne, Wyo., 
from 1870 t , these stations being _ ; 
110 
fue | 
les by = 
3 
i 
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In 1866, near the minimum sun-spots, there w was an Sania: of. rainfall at four | 


_ stations, and a deficiency at one; in 1870, the year of the maximum ‘sun- 
| pote there was a deficiency at four stations, and an excess at one; in 1874,a 
deficiency at five and an excess at one; in 1875, an excess at four, and 4 
Bpapeecn ge at three; in 1876, an excess at two and a deficiency at five; in 1878, 

a year of maximum sun-spots, an excess at five and a deficiency at two; in 


1880, an excess * two and a deficiency at five; in 1884, an excess at five and | 
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‘hia ‘clearly de demonstrate, » in the opinion of Gen. Greely, that any 7 


apparent connection between the amount of rainfall and the periodicity of | 


sun- -spots” was entirely | accidental. diagram the e rainfall variation 
Hawaii, plotted from the author’s data, is shown in Fig. 11, also one ‘Covering | 


the water-shed in Massachusetts, from 1875 to 1922 in Fi ig. 12, and 
one, Fig. 13, showing the records at New Bedford, Mass., supposedly | covering 
the longest consecutive period in the United States (from 1814 to 1922). Tn 


the last. two cases, it would ‘be extremely difficult to say the Teast to posit 


4 


only in cases similar to that produced “ Mr. Cox, namely, where the area is 


surrounded by water, would it be possible, to trace any connection between 


Adherents of idea “that sun-spots | bear certain relations to the fre-— 


quency of ‘thunder-storms* and. that the weather may be foretold by the 


observation of solar. phenomena; + are not uncommon. Another writer, a ae 
Foster, ¢ of Washington, D. Cc, also concludes" that solar disturbances are 
q 


in 187 8, “Long- ‘Range Weather Casting and Its Methods,’ by J. S. Ricard, 
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= PROGRESS REPORT be 


SARING ‘VALUE OF | SOILS. FOR FOUND ATIONS, 


ty 


Jun. AM, Soo. C .E (by letter). f—As the writer is much 
“interested i in ‘the subject of soils, ak wishes to express his appreciation ‘of the 


Fare PRESS The 


aluable data included in the Progress Reports, of this Committee 


design of structures in in “which the | action n of soils i is an important factor. ‘Iti is 
hoped that the recommenda tions 3 of the Committee will —_ /@ change in in the 


the discussion of the writer’ paper on the “Lateral Earth Pressure’ "4, 
Henry Goldmark, M. Am. Soc. E., contributed some field tests of the soil 
at the new ship lock in New Orleans Harbor. The material showed typical 
colloidal properties. A practical knowledge of ‘the in the Committee's 
reports should aid greatly i in the control of this soil. 
call The purification and clarification of water is another application of colloid 


chemistry. The v writer | has pointed out** * how the electrical properties of the: 


a the sa same time, it must be remembered that colloid chemistry is far 


from an n absolute s science, , and that much ‘research is necessary to establish the 


laws ‘definitely. It is hoped that the opening of a new group of applications 


ae =s This discussion (of the Progress Report of the Special Committee on Bearing Value of 
Sols for Foundations, etc., presented at the Annual Meeting, January 17, 1923, and pub- 
lished in Proceedings for October, 1923), is printed in Proceedings in that vows 
expressed may be brought before memters. 
Received by the November 8; i028. 
Proceedings, Am. Soc. C. E., March, 1922, Papers and 
ew eas October, 1923, Papers and Discussions, p. 1732, _ 


RS Am. Soc. C. E., Vol. LXXXVI (1923), 
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Papers, 1 piscu SSION ON BEARING VALUE OF SOILS 


In its Progress Report for 1921,* the Committee included an exhaustive 


‘treatment of the colloidal properties of olay, but di did not treat of another 


important colloidal constituent of the soil, namely, the humus. In the fol- 


lowing ig notes, the writer will enumerate some of the more important general 


properties and applications of the various colloids in soil. 


is a porous mass of hard frame >work plastered over w with a con- 
taining chemically active 1 matter, plant foods, unstable organic compounds, 
the pores containing air and water. : a substance i is said tc to be i in n the 
el colloidal state with | respect to another substance, it means that it is dispersed _ 


or or subdivided ¢ through the other substance (usually water) to form particles « of a 


molecular to microscopic dimensions, — When in this state, substances possess — 

certain characteristic properties, and as soil exhibits these properties it may 


2. be classed as a colloid. _ These phenomena m may be enumerated as: : Adsorption; 
is muc 
of particles ; coagulation or sedimentation ; 


ad 


“action | w water, acids, bases , and salts. 


“he In 1878, van Bemmelen published his first results on the panier constit- 


‘uents of soil and their effect on fertility. ‘He stated that: 


“The fertility of the soil is proportional to the colloid content. The 
retentive power of rich soils for the salts necessary to the growth of plants is — 
due dir ectly to the presence of colloid solutions and properties in the humus 


and the clay of the soil.” 


E In 1868, Warrington had noticed the perenen properties of soil, chiefly 


Constituents. —In order 1 to to understand ‘the ori ‘igin of colloids i soil 

ithe methods of soil formation must be studied. - ‘Soil i is the product. of the dis-_ 

integration and decomposition of rocks, chiefly agency of water. 
the soil The rock particles were broken off and washed into the sea, to be mixed — 
typical with particles from ¢ other sources as well as with decomposed animal and 
mittee’s vegetable life. In time, this accumulation of mixed particles was exposed to 
aa te air and hue began to undergo a second process of erosion (weathering) © 
colloid In the second step, | organic decomposition eaided 
of the he natural elements: ‘Air, water, ‘and changes i in temperature. 


ities in complex material which is called soil, consists 


1— » minera “matter derived from the original rock, consisting of 
‘is far calcium, and aluminium silicates, constituting the 
ish the of the soil. This part is largely unalterable, although 
cations be it contains some re- products of decomposition. 


2.—-The calcium carbonate and phosphate and | oxganic matter derived 


“gi from the marine and other organisms deposited in the soil. 


8. ‘soil water, a dilute solution o of carbonic acid, , containing 
small quantities of soil constituents. 
Residues of plants which shave grown since ‘the: soil, 
position, rom 


water as food and of part of the complex matter. 


Proeeding, Am. ‘Soe. C. E E 
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DISCUSSION ON B BEARING VALUE OF SOILS [ Papers. 
. UL Bureau of Soils classifies the various soil as sepa- th 
_ por by a mechanical analysis into sizes corresponding to the standard siev es, tr 


Coarse sand ,0394-0.0197 fh 
Medium sand hes 50-0. 50197-00098 
9.0039-0.0020 = 
0.05-0.005 — 0020-0.0002 


Below0.05 | Below 0.0002 


of 0.074 m 
: tie The coarser aggregates are chemically inert. The clay and the finer silt con- 


BP sesrinee however, act differently from the remainder; there i is s also a | differ: ence 


Nore orr.—The standard No. 200. ‘sieve | has an opening of 0. 074 mm. 0.0029, in. 


Boil Colloids —The colloids in soil n may be classed as follows: | Silicie acid, ' 


ilica ates, aluminium and iron hydroxides, acid, and in general. 
‘fetteen made by the U. S. Bureau of Soils, in conhection with the i inriga- 


tion project at Fallon, Nev., show the presence, and ” effect, of colloid silia |” 


“One of good soil, shaken i in 10 cu. em. of. dialysed ‘colloid 


- gr. 1.0108), ‘coagulates i in 3 to 8 hours at 28° cent. One gram of bad soil - 
2 shaken in the same solution, keeps it as a colloid for a period ¢ of mor more than 10 
fe Silicie acid causes impermeability. - Treatment of bad soils with a salt or 


4 an acid causes a loss of this property by the coagulation of the colloid. The us use 


By ypsum in in fields i is advisable for this reason. sod 


Bs 


theory. silt of the N ile « contains a large “quantity of colloid 
- mt hydrated silica, which readily absorbs the potassium, , nitrogen, and phosphorous 


water. During the spring | floods, the food- carrying 


particles are spread over the ‘farm lands and transport the chemical foods to 


byes Clay. —Clay is a mixture of hydrated silicates of aluminium, iron, alkali 

alkali- earth metals, mixed with quartz, mica, and feldspar. _ All grains of 

are coated with “colloidal jelly” which contains ‘the hydroxides of 


aluminium, iron, and manganese, as silicie acid: and silicates. 


ar ‘much colloid produces a clay ‘that is called sticky, fat, or strong; too little (for 


_ moulding or r working), produces one that is lean, sandy, non- ‘plastic, or weak. 


Clay is formed by the decomposition of feldspar rock through the agency of 


Ww water. It i is formed in the hydro- sol ol state, which, later, may coagulate. ‘The 
properties of clay” depend largely o on its colloid covering, and both iron and 


— the most ‘important of the colloids, are — 
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of ene to alumina molecules being 3: 5 and 2: a 1, The former i is s soluble 
dilute hydrochloric acid and the latter only i in hot concentrated | sulphuric acid. 


no cases in which the ratio was that of constant numbers, 


Olay j is a a plastic colloid ; on drying, it shrinks and absorbs nay and, on re- 

‘aden it swells and ; gives out heat. . When placed i in water the separate _ 

day particles show Brownian movements and settle very slowly in spite of the 


“high 1 specific gravity. | Olay is is an electro- “negative colloid, its reaction being 


due to a trace of potash 1 liberated byl hydrolosis. It is flocculated only by a 
- solution « containing positive ions, the extent of Sossulation increasing g with the 8 


The plasticity of clay is caused d by re-solution of the dried out colloids: 


in the clay. In coagulating, clay will: carry down, absorb, and retain such 


substances as oils, fats, soap, starch, maltose, _ albumen, casein, » inorganic: -sub- 
stances, like Prussian blue, coal- -tar dyes, -earmine, blood, all bad | odors, ete., — 
hence it is used for decolorizing, clearing, and purifying. kav Coagulation of the © 


lay i in river waters "8 occurs rs at the deltas near ‘the ocean when im salt solutions 


in the sea water causes precipitation coagulation. ‘This explains the richness 


of soils near the mouths of rivers, 
ia The real importance of clay in soils is its. high absorptive powers, which — 


keep all food at the surface instead of allowing it to be washed into the earth. 


The colloids which it forms around | the ‘rootlets act. as ; the homes of the ol 
Tumus.- —Humus, which is the product of the decomposition of vegetation, 


consists of the products ‘derived sugars and proteins, mixed with 


hydroxides, oxides, and silicates of i jron and aluminium, Peat soil is largely =i 
composed. of humus. ‘The water content (by weight) that various ‘soils will 
retain i is as 1 follows: humus, 10%, humie garden soil, 38%, dry soil, 11%, and 7 
fine sand containing no organic matter, 0. 2 per cent. _ Borntraeger’s analysis of 


‘peat soils showed its composition to be water, 25% 5% fiber, 50% at acid, 


2—T draws various ions, ammonium, phosphate, potassium, ete., from 


causes the soil to puff up up, increasing t the air space, 


increases the water- holding power of the soil. Yo: 


(5.—Its swells wetted, breaking up the soil afte rains, 
6 disappears very slowly from t the soil. ot 
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Inv 1888, van Bemmelen published a remarkable paper on the colloid Prop 


te erties « of the humus constituent of soil. His researches w were followed by Ba 


ann who recognized the following properties: 


Vers high capacity for holding water. on dow 


—Extraordinary shrinkage on drying. a9 owt bayer. 


Reversibility : The freshly prosipitated material re- re-dissolves whe 


orms dificultly ‘soluble and easily “decomposible ‘colloid 

Masks ion Iron cannot be detected wy the ferro- | 


Colloid Proper ties: Soil — The most important properties of soil 


as a unit are: 


—The power of adsorbing substances from solution, for example, 


‘for long periods. time of drought, soil will ‘eause of 


- 8—The power er of changing from the floceulated to the deflocculated s state 


—The power « of centering into solution in “pure water and of being 


thrown out of solution by the addition of small quantities of 
am mare electrolytes, that 1 ‘is, the reversible r reaction of sol to en 


oS pe. The property of adsorption i is important in that it ‘keeps the soluble salts 


“Power of Soils to Absorb 
Mr. J.T. special to which part of the 


soils was the chief — agent. He fin ally concluded that it was the double 


which acting as a ‘a jelly-like over the clay particles. He held 
the idea that the 1 process of adsorption was was purely chemical, the soluble salts 


forming part of the double silicate e compounds. 


Era Wiegner examined all the known experimental data and showed that they 


obey the ‘same law: K Cp is the amount adsorbed by a 
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e concentration after equilibrium 1 
| and p are constants depending 
jsorbed liberate an equivalent amount 
—— of base from the soil. The assumption is that only the basic part of the re 
a agent is adsorbed; the remaining free acid radical combines chemically with 

experimenters claimed that only the humus gives colloidal properties 
aol, In order to disprove this the following statement is givel. 


ee BEARING VALUE OF SOILS 


§, Oden* made non-colloidal | humic acid and : alkali humates from peat. TI These 
substances did not dialyze, showed no ultra-1 microscopic structure, were 
precipitated o or coagulated by salts, and adsorbed only with difficulty. How- 
ever, Professor Suzuki, working ¢ at the same time and i in the same laborat ry, 
prepared. humic acids from peat, which were pure ‘colloids, they 
ultra- -microscopic_ form , were easily precipitated or coagulated by 
chloride, and easily adsorbed by bone- black. 
r The p property of absorbing water is chiefly « characteristic e of the humus in the © 


soil. U. Bureau of Soils states that: amount of water absorbed 


by clay and | given up at 60° and 130° cent. is proportional to the colloid con- 
mixture tent. J Texas white fire clay gives up 3.08% water at 60° and 3.78% at 130° 
— cent. Kem showed that evaporation of water from soil was not regular ‘and 


Tur 
did not follow the laws of evaporation from liquids. "However, when the soil r 


“was ignited and the colloid structure destroyed, the ev evaporation became regular. 


Chemical Action —The _ ection of chemicals on soil is either | to cause 


s of sil locculation (coagulation), or te to prevent The deflocculators are the 
a hydroxides, carbonates, and other highly hy -drolized salts of the alkali metals. 


= 
Bie le Concerning the interaction of minerals with water solutions Mr. E. C. Sullivan 


rs ‘Action ot silicates, etc., of the earth’s crust on the sols of salts which do 7 
venent af not dissolve with alkaline reaction, consists of an equivalent exchange of bases. 
"ff Certain colloids do take both the acid and basic radicals, but such is not ad-— 
___ @ sorption. These colloids are usually the solids: which m: may exercise both acid = 


hei Bemmelen suggested that the : ation was ; purely chemical. He sh owed 
Jemng 


Seian it that the action of alkali solutions on silicates consists of : First, ‘a reaction 
% ‘between the free alkali and the silicate, forming a substitution product; then > 


“the metal displaced from the ‘silicate forms a slightly soluble salt which is 


le salts “precipitated. _ By extracting the oxides of iron and aluminium from the soil, 


Absorb Hh removed the colloid silicates and hydroxides, after which there was no 


the precipitation « of the carbonate, phosphate, or borate, pitt ud 


» double Be In connection with experiments | on the action of salts and acids on ‘soil, 


ilicates, the U. S. Bureau of Soils gives the following result:{ Hind 
e 


in ale “The action of salts on clay depends upon the relative solubility of possibl 
a "products. A reaction which results in a net decrease in solubility of the com- Ms 
«ponents, produces an increase i in the degree of flocculation; and a reaction 
at they resulting i in | greater solubility causes deflocculation.” 


The action i alkalis on soil colloids is to cause defloceulation. The 


alkali silicate which hy drolizes to form a sol. The of more 


- alkali causes an increase in the ‘solution of sodium salt and sodium sol, toa 


certain point, after which the quantity of sodium in solution causes a 
in the quantity of the sol and coagulation soon results. _ Ammonium salts can- 


- not cause coagulation, as the ammonium hydroxide i is a | weak base and cannot is 
back the hydrolosis. Because potassium salts are more soluble than’ the 
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t Bulletin, , 1908, New Hampshire Agricultural Experin ao line ‘ods 
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corresponding salts of eudlinsite, ‘their effect should be weaker, By experiment 


alence does not affect the of soil colloids, which is 


— due to the protective action of the soil colloids, especially the humus. . The 
U. S. Bureau of Soils states that ‘ ‘relative solubility or insolubility of the 


salts of valence i is cause of the coagulation of higher 
valence.” 


(Valence 


Calcium chloride he 2). Prompt precipitation. 


a Tin chloride pads 


Hydrolized over night and 


a _ Effect o of Electrol ytes.— — Excess of potassium hydroxide or chloride added 
toa potassium- -clay soil ‘reduces its solubility and causes" a salting out oF 


coagulation, changing the sol 1 toa gel. "Addition of hydrochloric acid or cal- 

eilum sulphate results in a hydrogen ealecium ‘compound which is soluble 

and forms a gel. This i is a case of the exchange of bases. Sodium hydroxide 


or oxalate added to the hydrogen or calcium gels veauses the formation a 
sodium gel. This is a case of deflocculation. Dod at 


test of the e presence 0 of carbonic acid. | “HR common | salt is added, how- 
which shows ‘that there is ‘a reaction between 


‘sodium chloride ‘clay’ with, the formation of “hydrochloric acid. 


Soil is usually acid, but it becomes basic on boiling. This is often 


to ae 


aM 


Fertility of the soil is in proportion to the colloid content. a careful 
study and proper r regulation of the colloid content, the fertility. ean be « -con- 
trolled. ‘he methods and results of such control are as follows: Freezing 


the « soil decreases its richness by causing the irreversible coagulation of the 


by the colloids; and lime, which i is basic, ‘eoagulates po 


colloids, because both Oe clay and the humus are negative ¢ or r acid. In many 


coagulates the clay” and prevents the | greater, part of its absorption of ate, 
- Calcium sulphate acts like lime in coarsening the soil; the colloids are “coagu- 


s _ lated, and the excessive swelling is reduced. Adding calcium sulphate with a 


Qi phosphate fertilizer is beneficial, because the colloids are prevented | from 
t adsorbing the phosphate and the plants receive a greater proportion of the 


he latter. Manure added to soil without lime is largely wasted. Lime ‘should 4 
= be added first until it is well slaked, when the colloids are coagulated. ‘Then, 


the manure is placed on the ‘soil, and the plants obtain the full benefit a the 


fertili: Otherwise, , the clay will cause the formation | of complex salts 


a are too insoluble to function in a manner beneficial to soil fertility. 
conclusion, soil is made up of several aggregates, the most. jmportant 


proper study of these, the fertility a and pica | 
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‘he colloidal conten nt of clay is” 

but there is al limit to the influence it exerts. 
Pure * “China clay” and similar almost Ww vholly colloidal clays are Tess cohesive 
and plastic than those in which the colloidal fraction is only, say, 50 per cent. bas 
This naturally suggests that, as in concrete, the cohesion | and plasticity are 
related to the grading | of the grains and to the geometrical fact that denser 
packing is possible with unequal grains than with equal ones. — Therefore, in a z 
tension n-colloid curve, there will probably be a maximum beyond which the 
tension will decrease with increased colloid. ‘The attention of the Committee _ 
should be directed to the Oden clay-analy zer which has been made in an im- : 
proved 4 form by the Cambridge (England) Instrument Company. This inetre- 

ment enables the grading t to be rather precisely indicated. 
pal Another p point which should be considered is that in the colloidal state a 
“bound” ’ water may rise to more than 50% by volume so that with very fine 

; days a small amount of stiffness may occur in a slip containing only 1% by 


volume of celay.$ Consequently, the properties of soils cannot be simple func- 


tions of the moisture content. 


* Engr.-in-Chf.’s Office, Whangpoo Conservancy Board, ‘Shanghai, China. 
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ba THE RAILWAYS’ PART IN THE DEVELOPMENT OF 


D. Faucerts, ] M. AM. Soc. C. BE. ‘ 


Faucerte + M. AM. . Soc. Cc. E— —As a natural phy sical water Dasin fe 


Roads is probably unexcelled in the Western Hemisphere. Iti 
located, and as explained by Mr. Churchill,t it reached bye 
several large railway systems. The lines controlled and “operated by “these | 
several railway systems comprise approximately. 33 000 main-1 line 
nearly one-eighth of the entire: railway main- line mileage in the United | 
4 States. ‘This gives Hampton Roads direct through- rail connections with that | 
: ‘ part of the country from the Great Lakes to the Gulf of Mexico and east of the 
7 4 Mississippi River. Those who have read Mr. ‘Churchill’s paper will note ‘the 
rapid | Progress and the gradual growth of the rail lines and the port facil: 
ities at Hampton Roads. Bs As mentioned by the author, the branch of the Sea 
: board Air Line Railway Company was put in operation i in December, 18: 836, and 


4 


facilities which are at these Roads are of no avail. The 
and the efficiency of Roads and its port, as s well as any 


work between the area and vet ports. The history of transporta- 


is the history | of progress. . Transportation is irrevocably up} and 
woven into every activity, and the machinery of operation of the | carriers is 


a The H executive heads of these carriers are fully alive to the fact that the inabil- 


at any time of these lines to function properly ‘spells slow 


; yy lie must be admitted that the railroads are now doing and will continue to 
their eir parts well, and ‘this country, with - its ‘industrial ‘Successes, its 


facilities, must ‘develop and the results only in direct 
with the serviee rendered to these port facilities from the distant interior points 
te the coast. It should be emphasized in no uncertain w way y that the growth | 
7 Hy and expansion of the railroads and - their allied operations is the index of 
_ National progress. Without adequate and economical transportation, ‘failure 
= With proper transportation c comes ‘success, and to the railroads of 


_ * This discussion (of the paper by Charles S. Churchill, M. Am. Soc. C. E., presented at 
oe Fall Meeting of the Society at Richmond, Va, October 18, 1923, and published 0 
eae for December, 1923), is published — in Proceedings in order that = views 
expressed may be brought before all members for further discussion. elas tT 
Chf. Engr., Seaboard ‘Air Line Ry. System, Norfolk, Va. 


Proceedings, Am. Soc. Cc. E., December, 1923, P. 2006, 
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AN 
the , United: States is due a great debt for the posi position ‘on which 
taken, and which it will and must maintain. 
The investment in railroad ‘property of ‘the United ‘States is estimated 
roughly at $19 000 | 000 000. The 33 000 of railroad tributary to Hamp- 
ton Roads Port would ‘cost from $2 000 000 000 to $2 500 000 000 to reproduce. 
This indicates the magnitude of the plant that contributes to the success and - A 

_ This subject is not 0 one in which justice can be done by mere oral a 
cussion. Jg The Society and individual members are indebted ‘to Mr. C ‘Churchill 


for the: fund of = and information which he has selected and present 
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MEMOIRS OF DECEASED MEMBERS” 


--—-s Norr.—Memoirs will be reproduced in the volumes of Transactions. Any information| 
which will amplify the records as here printed, or correct any errors, should be forwarded tf! 
the Secretary prior to the final publication. 


BHOMAS W HITE COTHRAN, M. Am. Soc. C. E 


homas ‘White Cothran, the son of Wade E. anid’ ‘Sara (Chiles) Coth- 


was born in ‘Abbeville County, on ‘September 18, 1874 


age of eighteen, he entered Clemson College from which he Wai 
: graduated with the degree of B. S. in 1896. Immediately after h his graduation 


on account of his high scholastic standing, Mr. Cothran was appointed | As- 


‘sistant Instructor i in “Drawing that institution. . Thus, his first ‘position 


"was attained solely through his own efforts, merit, and fitness, as were all 


‘other ‘positions which he afterward held. He never sought influence, 
4 ferring to ‘rely on on his own resources and to win 


Following his work at Clemson College, Mr. Cothran was connected vith | 


the Geological Survey as ‘Drafteman and Levelman in Texas and Iowa 


ea 1897 pie 1898, and, ‘subsequently, he made a number of imports 


water- power surveys in North Carolina. 


In 1900, Mr. Cothran entered the service of the Seaboard Air Line Railway, 


Company as Chief Draftsman, serving in this ¢ capacity for five years. hile 


int this position, he designed many of the Company’s important huliildigs and . 
= other structures. _ As Assistant to the Chief Engineer of the Carolina, Clineh- h 
field, and Ohio Railway, Mr. Cothran obtained experience in the location and 
eonstruction of ‘that remarkable line through heavy mountainous territory, 
In 1905 and 1906, as Resident Engineer of the Atlanta, Birmingham. and 


e. "Atlantic Railway, he had charge: of much important work under trying cir 


As of ‘the Norfolk Southern 4 


ay, 


N. ark is 7000. in (about 5 miles). 


‘This ‘successful design and construction ‘was largely to Mr. Cothran’s 
_ foresight and judgment in the preliminary investigations and survey s, his 


work in this ¢ connection having been thorough and complete. 
os On the conclusion of his service with the Norfolk and | Southern Railway 


Company, Mr. Cothran entered private practice at Greenwood, in 1908, 


and, as ; Consulting Engineer, designed and built a number of important 1 “works, 


among which was the system of sewers and sewage disposal at Rock Hill, 8. C. 
ac From 1917 to 1919, he served as a member of the South Carolina | Highway 
Commission, subsequently becoming its: Director, - in which position his. 


prepared by M. Am. Soc. C. 
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‘MEMOIR OF WALTER. ‘G@LADDEN 
yerience and executive ability proved to be invaluable. The influence of 
his work i is still felt i in that Department. alt. 
4 
Mr. Cothran is survived by his: widow, who was Miss Maud Boswell, of 
Portsmouth, Va., and six children. ‘He was a capable Engineer and Architect c: 


always energetic port resourceful, and those whose privilege it was to have 
mown him, cherish the memory of his association and true loyal friendship. 7 
By his premature death, the Engineering Profession has sustained a real 
loss, and his friends have suffered a great t bereavement. ont ta 
He was a member the Baptist Church, a 82d Degree Mason, Knights 


Templar, ‘and a Shriner. _ He was also a member of the Rotary Club. Politi- 
cally a Democrat, he always reserved his right to independent nt discrimination 


Mr. Cothran was’ elected an Associate Member | of the American Society 


of Civil Engineers on July 9, 1906, and a “Member on February | 28, 1911. hia 7 


WwW falter Gladden Hus Hunter, the son of William J. ah Emma L. . Hunter, was 


bon on April 19, 1879, at Arcata, Calif. 


His early education was ‘obtained i in the different the line of 
the Northwestern ‘Pacific Railréad with which Company his father 
connected. In 1897, he entered the University of California where he: received 4 7 
his technical training, and from which he was graduated in in 1901. 1 fi 
1901. and 1902, Mr. ‘Hunter “was employed as ‘Draftsman and Engineer 


at the Holt Manufacturing Company at § Stockton, Calif., and from 1903 1 wal 
1906, he 1 was in the Federal Service in the Philippine Islands as as As 


| Engineer in the Bureau of Engineering and Public ‘Works. In this’ position, 7 
he had charge of the construction of highways and the investigation | of 


river- -control and irrigation projects. ‘From 1906 to 1908, he » was a member of 
the firm of Hunter and Hunter, at Tonopah, Nev. was interested in 


Subsequently, Mr. Hunter engaged in practice in California, 


years, he was associated ‘with Robert M. 
Morton, Assoc. M. Am. Soc: C. E., now State Highway Engineer of Califor 


4 


under ‘the ‘firm name of Hunter and Morton. From 1912 to 1914, as City 
ngineer of Stockton, he donened. a new sewerage system and many other 7 


Tn 1918, Mr. Hunter: was engaged in engineering work i in connection with 
highway construction, for. Sonoma County, California. He also acted as 
Engineer for the Stockton and Mokelumne Canal Company (supplying 32 000 #54 
Arizo 
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MEMOIR OF GEORGE ‘ALBERT KIMBALL [Memoinfh 
Engineer for the West Side Irrigation District and for Reclamation Distri¢ 
No. 684, both in San Joaquin County, California. Nitta at 
to Later, Mr. Hunter acted : as Engineer i in an advisory capacity y to the 
City of Stockton. In 1918, he enlisted in the U. S. Army, receiving a com 
mission as Captain, and was with the troops that were embarking from 


New York City on the day the Armistice was signed. sil 


the last two years of his life, Mr. devoted much time 


bir 


On 1906, Mr. was married to “Miss Agnes 
of Stockton, who survives him. He is also survived by his father who i i 


uperintendent of the Northwestern Pacific Railroad Company at Eureka, 


a Walter: Hunter was loved b by those who knew tte Modest and retiring 
he was a man of public spirit, , always” striving to serve his fellow men. ea 
__ Mr. Hunter was elected an Associate Member of the American Society of 


Civil 30, and a < on sinned 31,1916. 


Soe. C we 


"George Albert ‘Kimball was born on May 14, 1850, at 
_ 8a son of William and Mary A. (Lawrence) Kimball. His earliest known annces- 


or in America was Richard Kimball. ‘His great- -grandfather, Daniel Kimball 
a First Lieutenant during the War of the Revolution, = 


“a Mr. Kimball’s education was obtained in the public schools of Littleto 


and at Appleton Academy, New Ipswich, N. he prepared to ente 
_ Dartmouth College and the Thayer School ol of Civil Engineering. He was 


a. ob liged to relinquish his studies, however, on account of eye trouble. — ida 
ey Mr. Kimball’s early life on the farm at his home in Littleton g: gave him that 
xs love of Nature which was evident throughout his life. His business educa- 


an - tion probably began in the typical country store, in Littleton, owned by his 


father, who also served the town as Selectman and Town Clerk. 
In later life, Mr. Kimball was fond of relating his experiences in the stor J 
and in trading the products | of the farm near his home and in and around 
Boston, Mass., in which occupation, he made many life- long friends « among his 


wats ¢ He began his chosen profession in 1869 in the office of ‘Frost. Brother 


ase Engineers, in Somerville, Mass., as Rodman on railroad ¢ surveys and, in the 
following year, as ‘Transitman on city work. He continued with this fim 


7. until 1874, when he opened his own office in Somerville. — In 1876, he was 


athe: 
_ elected City Engineer and continued i in this position until 1 1887. From 1880 
Aa to 1887, he served the city as a member of its Board of Health. In 1887, be 


ee * Memoir prepared by J. P. Snow and J, R. saat eet Am. Soc. C. 
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j ssigned his position as City Engineer of Somerville and opened an office in’ 

Boston. ‘From 1891 to 1900, he served as a member of f the Somerville W ater 

om 


Board ‘and as an Alderman from 1888 to 1889. 


In 1888, Mr. Kimball was made a member of the ‘Massachusetts Grade 
Crossing Commission which conducted mn extensive ‘investigation and reported 


on 1 all the grade crc crossings in n the State. th 1896, he was s appointed by — 
Roger Walcott to the Metropolitan: Sewer Commission, a ‘position which he 


held until 1901. In his. work in Somerville, he early had established a repu- 


rt golfer, 


a tation as an | expert in § sewer design and construction and i in sewage ‘disposal, 2. 
Fer son, and al Ithough his later life was largely devoted to entirely different 1 work, he 

r who is continued until his death as Consulting on Sewers for the 
Company which position he held until his sudden ‘cath in 
ocicty of 1912. It was at this time, perhaps, ‘that he became best known i in his ‘profes-— _ 
sion, to this work he gave the crowning efforts o of ‘his | life. work 
included the ‘construction of all the elevated railway structures and around 
Boston, as s well as as the: Cambr idge ‘Subway and Tunnel, This last named work 
ee of construction or achievement of his, which gave him more satisfaction or in ae 
which he took more pride than this. During its construction, rules for assum- 
fas, th ing safe units for the bearing power and the pressure of various classes of earth ' 
ance: developed under his direction for stages of Of compaction newly 
a i In 1902 , following a severe illness, Mr. Kimball was sent by the Company be 
Littleton to visit Europe | and study the systems of rapid transit in the great « cities of 
7 al k In 1911, he attended the excursion of the Society to the Panama Canal, and 
had charge of the party. In conjunction w with George G. Anderson, 
sas that M. Am. Soe. ( (om E., » who had - charge of the Western party, he published an 
interesting pamphlet describing the as it existed at that time. 
by his OM Mr. Kimball gained prominence in his profession through hard, conscien- 
ag tious, and constant work ng all the years ¢ of his iis practice. These attributes, 
“coupled with the sterling ‘qualities: of enterprise, honesty, ‘and fair dealing, 
which he possessed in an eminent degree, , beought. him. prominently before 


his 
al ie ¥ It was always his aim to secure » the very best and most effective work, both — 


in the methods used and in the construction itself. He was not too closely ie i. 


bound by precedent, yet he followed what was known to be the | best — 
Conservative in judgment, he was s open minded toward any new ‘idea or method, 
and if he felt its value had been confirmed by theory and « experience, he was a 
“not slow to make use of it. t cl,_.adtow Intings aginst 
95 The g great number of Mr. Kimball’s friends i in in every walk of life bear testi- ; 


“Tony to the high esteem in which he was held. His unfailing | ‘courtesy, fair 
dealing, and ‘kindness, a remarkable control of himself under the 


rothers, 
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‘most trying conditions, fitted him to carry through his dificult tasks. it 


was never hasty to reach conclusions. His judicial temperament led him t 

4 w weigh conflicting opinions with great care. He was quick to sift the important 


from the irrelevant and to give proper weight | to the: essential things. ‘His 
4 unfailing sense of humor ‘smoothed over any bitterness between disputant 


He had a habit of introducing conferences on delicate questions by boldly 
attacking and layi ing bare— the heart of the - trouble, | and. then 1 searching for 


the redeeming features, w hich always left every one in good humor. Althousi 
“not much giv en to public speaking, he was a faithful member of | ‘the organi- 
zations to. which he belonged, and when he took part in his contri: 
butions 1 were alw ays V aluable. He was a a clear- -headed , careful witness: in expert 


cases, and his. testimony carried ‘conviction to all who heard amg 
. Kimball was married in 1872 to ‘Miss Lizzie Robbins, who, with 


four children, two s and tw ghter 
fon ch dren, two ons a 1 two daug hte s, “survives him. 


At the time of his death, Mr. Kimball was a ‘member and I Past- President 
of the Boston Society of Civil Engineers, a member of the Institution of Civil 


iE ngineers, the > American In Institute of Consulting Engineers, the New England 


Water Works Association, ‘and the Street Railway Club, as well as of several 
"fraternal and social clubs 


ee _ Mr. Kimball was elected a Junior of the American Society of Civil Engi- 


G neers on May 12 2, 1875, and é a “Member on July 1, 1891. He was a member of 


~—EDWARD THOMAS EV ERY MILL Am. Soe. C. ‘Ee 


hd Edw ward Thomas eeaey Miller, the eldest son of the late Colonel Miller who 
q “served i i the British Army i in India, was born on October 25, 1873, at a 


France He was educated 2 at ‘Framlingham: College, Suffolk, England. 


a 1892, Mr. Miller’ received an appointment as Supervisor of the oil 


Divi sion of the Assam- Bengal Railway in India, his” work consisting of the 


construction, leveling, estimating, and r measuring of earthwork. In 1896, he. 
was appointed Personal Assistant to Superintending Engineer ‘Ss. Routh 


Se the: Third Section of that railway, remaining in’ this" ‘position for three 


- years. During this time, he was engaged in drafting and estimating, and also 


he remained until 


had charg e e of a sub-division (10 miles) of the Hill Section, including tunne 


in the General “Manager’s ‘Office, of the ‘Buenos Aires” Great 
7 Southern Railway, - in which capacity he was engaged with technical matters 
3 of train running and new capital works. In 1906, he was appointed Sectional 


fs the construction of the Central Cordoba Railway Extension ee 
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In 1908, Miller gineer of the ‘the ‘Head: 
quarters Section of the Central Argentine Railway, ar ‘dj in the ‘same year was 


charge of final construction on the Morteros- Hersilia Extension (72 “km.), 
including the building of three e stations, In 1910, as Sectional Engineer of — 

the Cordoba Section (700 km.), he was given full charge of all new works. He - 
retained this - position until 1915, when he was appointed Sectional Engineer _ 

of the Rosario Section, , in charge of two sets of railway workshops, moles, 
docks, ete, 

& From 1920 until his death, Mr. Miller held the p position mn of Assistant to the 
Chief Engineer ini the he Central Argentine Railway, with headquarters a at Buenos , - 


appointed Sectional Engineer of the | Third Section at Galvez, where he had 


died of on April 17, 1923, and i is surviv ved d by his v 


‘Miller’ was elected an Associate Member of the American Society 0 


Civil Engineers « on December 5 5, 1911, and a Member o on ner S| 1920. — 
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